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1. Among the 140 bacterial strains isolated from cotton
waste compost (85 mesophiles and 55 thermophiles/thermo-
tolerant forms), 15,1% of the mesophiles and 17.1% of
the thermophiles/thermotolerant forms showed all positive
reactions in the three screening tests used to detect
cellulolytic ability. Strain T-14 was found to have
highest cellulase production among, all the selected
cellulolytic thermophiles/thermotolerant forms. It was
found that 340.0 U/ml of Cx (endb- 1, 4-glucanase) and
40 U/ml of avicelase were produced by strain T-14.
2. Results obtained from various tests indicated that strain
T-14 was a thermotolerant strain of Bacillus subtilis,
therefore named as B. subtilis T-14.
3. The most effective inducer of cellulase as well as the
most effective carbon-energy source for strain T-14
was D(+) raff inose. 5H 20. Other Cx inducers in the
descending order of effectiveness included rhamnose,
L-arab ino s e, galac o s e and gent ib i o e.
4. Mutagenesis of strain T--14 by N-methyl-N'-nitro-N-nitroso-
guanidine resulted in a cellulase hyperproductive mutant,
strain Au-1, which has a Cx production 3.3 -fold
(6.4 x- 103 U/mg cell protein) of that of strain T-14.
5. Both strain T-14 and strain Au-1 can grow at a
temperature limit of 520 C.
26. Culture conditions including the culture medium, pH and
cultivation temperature for optimizing Cx production
were investigated and defined for both strain T-14 and
strain Au-1.
7. Production of Cx by both strain T-14 and strain Au-1 were
found to be regulated by the induction and catabolite
repression mechanisms. D(+)raffinose: was the best inducer
for Cx production. D(+) cellobiose induced Ox
production only after the cultures reached stationary
phase of growth. D(+)glucose was a strong catabolite
repressor on Cx production in both strains.
8. Purification of Cx from strain T-14 and strain Au-1 by
avicel column chromatography showed comparable elution
patterns. Pooled avicel column fractions containing
maximum Cx activity of strain Au-1 crude enzyme. was,-
further purified with Sephadex G 75 column. Four peaks
with Cx activity were observed with 87% of total activity
recovered in a single peak C. Purity of the Cx in peak
C was confirmed by DISC-poiyacrylamide_ el electrophoresis.
The purified Cx (purified 27.3-fold) contained specific
activity of 11,829.9 U/mg protein. The molecular weight
of Cx as estimated by gel filtration method, was about
23,000. Kinetic studies of the purified Cx on CMC
(Sigma. Co., D.5.=0.65 -0.85, medium viscosity) hydrolysis
showed a Km of 3.94 mg/ml and a Vmax of 12.21 mg D-glucose
per hour per mg protein( 12.21 x 103 U/mg protein),
39. The purified Cx from strain Au-1 acted specifically on
CMC (a substituted soluble 11,4-glucans) producing
oligocelladextrins and glucose. Little activity was
found with native cellulose and glucans other than the
1,4-glucans.
10. The pH optimum of the activity of purified Cx was 5.5
and the pH range for enzyme stability was from 5.0 to
10.0. The temperature optimum for purified .Ox was at
600 to 700 C. An 80% loss of enzyme activity was observed
at 80° C. Cx was stable at 0° to 550C in citric acid
and Na2HP04' buffer (pH 5.5) for a test of 30 minutes,
but loss of activity occurred when temperature higher
than 55 C was in operation. At 80 C, 86%.of Cx activity
found to lose. Purified Cx was found to have a
temperature stability half life of 92.5 minutes at 65° C
in citric acid/Na 2 HPO 4 buffer (pH 5.5).
11. Activity of purified Cx was inhibited by the cations
NH4+, Ni++, Ag+, Hg++, Fe++, Sn++, Ba++ and Zn++.
Activity of the purified Cx was stimulated by Ca++, Na+,
K+, Mg++, Fe+++, Mn++, Co++, Pb++.and Cu++. It was
concluded that the Cx from strain Au-1 was either a
metalloprotein or it might require-metal ions for activation
and/or stabilization.
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12. The nature of purified Cx was found to be:
a. presence,of disulfide linkage in maintaining the
active configuration,
b. enzymic action mechanism involved free sulfurhydryl
group(s) but not tryptophyl group,
c, amines and polylols can activate the enzymic action,
and
d. EDTA inhibition was observed which further confirmed
the metalloprotein nature of Cx. Iron was probably
not a prosphatic metal ion of Cx.
1I IN IRO DU CTION
The readily renewable and abundance of plant biomass has
led to extensive research in enzymes involved in cellulolytic
reactions. Lignocellulose is the most abundant form of plant
biomass and cellulose is the most abundant form of renewable
resource from lignocellulose. In addition, wood, newsprints,
urban wastes and manure are also excellent sources of cellulose.
It was estimated that of the 22 x 109 ton of cellulose generated
by worldwide photosynthesis annvally, about 20% of the cellulose
is readily available for the conversion to fuels, chemicals,
or feedstuffs( Detroy and Julian, 1983).
The growing urge for more efficient approaches in the
production of energy, food and chemicals, the development of
means for municipal waste treatments, and the high potential of
cellulose as renewable resource through fermentation have
already attracted a great deal of,attention in recent research
activities in these areas. Efforts have been focused on a
wide variety of interests which have been reviewed and grouped
as follows:
1. Development of the technology for the utilization of biomass
in single cell protein production and the improvement of
extraction (digestability) of plant proteins or other cell prot-
eins (Rogers et al., 1972 Cys ew,ski and Wilke, 1976
Kurtzman, 1979 Ramasamy et al., 1979),
2. Bioconversion of cellulose to liquid fuels, sugars and
chemicals through fermentation Foo, 1978 Ladisch et al.,
(
21978 Ladisch, 1979 Mandels, 1982 Zeikus and Ng, 1982
Detroy and Julian, 1983),
3. Searching for microorganisms capable of producing high
levels of cellulolytic enzymes through screening and
mutation means (Mandels et al., 1971 Mandels, 1975 Lee
and Blackburn, 1976 Stewart and Leatherwood, 1976
Montenecourt and Eveleigh, 1977 Daigneault-Sylvestre and
Klupf el, 1979 Fennington et al., 1984),
4. Studies on the regulation of cellulose production (Mandell,
1975 Enari and Markkanen, 1977 Ghose, 1977 Linko, 1977
Gong and Tsao, 1979 Ryu and Mandels, 1980 Bisaria and
Ghose, 1981),
5. Studies on the enzyme kinetics, modes of action and the
enzyme-substrate relations of cellulase components (Ghose,
1977 Linko, 1977. Gilbert and Tsao, 1983).
6. Studies on the direct conversion of cellulosic materials
in which the processes of cellulase production, cellulose
hydrolysis and fermentation are carried out simultaneously
in a single operation of mixed culture( Srinivasan and
Han, 1961 Cooney et al., 1979 Khan et al., 1981
Suchardova et al., 1981)! and continuous cellulase production
by means of continuous cultivation techniques (Taniguchi
et al., 1983).
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Cellulose can be hydrolysed to soluble sugars by acids
or enzymic action. A number of recent research have been
carried out in order to develop new technology for acid
hydrolysis of cellulose since certain drawbacks were found in
the presently employed processes. These drawbacks included
product degradation, interaction of acids with non-cellulosic
materials in crude cellulosics and corrosion of equipment
which resulted in low yield, high impurities which ended up
with high capital cost (Ryu and Mandels, 1980). These are
the reasons that lead to more attentions and preferences being
paid to the enzymic processes of cellulose hydrolysis in
the recent research.
Purpose of the present study
Cotton waste, a cellulosic source, has been widely used
as compost matrix for the cultivation of edible straw mushroom
(Volvariella volvacea) in Hong Kong (Chang, 1979). The importance
of microorganisms in the process of fermentation during
composting has been well documented (Fermor and Wood, 1981
Wood and Fermor, 19811. The cellulolytic
microbes that are present in the cotton waste during composting
and mushroom cultivation are important in breaking down the
complex molecules into simple molecules which are readily
available as the nutrients for the mushroom. Much of the
research work concerning cellulolytic microbes deal with the
fungi, especially species of Trichoderma and Sporotrichum,
the actinomycetes (StrePtomYces and Thermomonospora species).
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With the exception of a few ps eudomonads, clostridia and
cellulomonads, there is relatively little information
available in the literature concerning the production and
properties of cellulases of bacteria especially of the genus
Bacillus (Zemek et al., 1981). Bacillus is a bacterial genus
well known as sources of many extracellular hydrolytic enzymes
widely used in industrial applications (Priest, 1977). The
present study, therefore, aims at the production and
characterization of the cellulase of a wildtype and a mutant
strains of Bacillus species,
Objectives of the present study include:
To screen for and isolate cellulolytic bacteria from cotton
1.
waste compost before and during the cultivation of straw
mushroom.
To study growth the gand production of cellulase of selected
2.
bacterial strain in relation to the following factors:
a. Carbohydrates as carbon source and inducer
b. Initial pH of medium
C. Temperature of cultivation
d. Cultivation time
e,, Substrate concentration
f, Effects of complex organic compounds




3. To formulate a suitable medium for the maximum production
of cellulase by the selected bacterial strains.




Sources and Production of microbial cellulase
A. Cellulolytic microorganisms
Many prokaryotic and eukaryotic organisms can
produce cellulose in response to the presence of
cellulose in their culture environments. The production
of cellulase enables the conversion of insoluble
cellulose to soluble sugars which can then be utilized
by these organisms as carbon source. Take the examples
of some organisms, cellulase production appears to have
the sole function of regulating.. cell growth, spore
germination or invading host cells (Gong ...Tsao, 1979) 'lure
Cellulolytic' organisms are those capable of producing
cellulase complex which can hydrolyse crystalline
cellulose to soluble sugars (Gong and Tsao, 1979).
Three catagories of enzymes are involved in the
cellulase complex": Endo- 1,4-glucanase (-1,4-glucano-
glucanohydro lase, EC. 3.2.1.49 or commonly known as Cx or
C MCase);exo-1, 4-rglucanase 0-1, 4-glucano-Cellobio-
hydrolase, EC. 3.2.1.91, or CBH) avicelase or filter
paper cellulase (Cl), which has been postulated to
be a random endo-1, 4-glucanase and (31, 4-gluco s idase
(cellobiase, EC. 3.2.1.21). Cellulase produced by these
true cellulolytic organisms are believed to be
extracellular and they hydrolyze cellulose extracellularly
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although cell-bound cellulase system have been suggested
(Berg, 1975).
1. Fungi
Only a few fungi have been reported to produce
a complete cellulase complex. Such fungi are:
Trichoderma reesei (formerly called T. viride)
(Berghem and Pettersson, 1973 Ryu and Mandels, 1980),
T. koningii (Wood and McCrae, 1972 Halliwell and
Griffin, 1978), 2L. lignorum, Sporotrichum pulverulentum
(formerly called Chrysosporum lignorum) (Eriksson,
i '1978), S. thermophile (Canevascini et al., 1983),
Penicillium funiculosum (Wood and McCrae, 1982),
P.• citrinum (Olutiola, i976), Sclerotium
ON 6-0
rolfsii (Sadana. et al., 1979). Among these fungi,
Trichoderma reesei, T. koningii and Sporotrichum
pulverulentum have attracted most attention, since
they seemed to be the most convenient sources of
extracellular cellulase to our knowledge.
2. Bacteria
A number of bacterial species such as Clostridium
thermocellum( Stutzenberger, 1972 Chang and Thayer,
1977 Weimer and Zeikus, 1977 hagerd'al et al., 1978),
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Thermomonospora species (Stutzenberger, 1972; Chang
and Thayer, 1977; "Hagerdal" et al., 1978), Cytophaga
species (Chang and Thayer, 1977), Cellvibrio gilvus
(Breuil and Kushner, 1976), and Strentomyces
flavogriseus (Klupfel et al., 1980) are knownto
produce cellulase capable of degrading insoluble
native cellulose in vitro. In addition, certain
bacteria produce cellulase which are capable of
degrading pretreated or soluble substituted cellulose
(Reese andLevinson, 1952). In general,
three groups of cellulolytic bacteria have been
identified with respect to the locations of cellulase
they produce. .(Gong and Tsao, 1979). They are:
a. Intracellular or membrane bound cellulase producers
such as Cytophaga (Chang and Thayer, 1977),
b. Extracellular cellulase producers such as
Cellvibrio vulgaris (Oberkotter and Rosenberg,
1978), Clostridium (Lee and Blackburn,.1975),
Thermomonospora (H9gerdAl _et al., 1978)
c. Extracellular and intracellular cellulase producers
such as Pseudomonas (Lee and Blackburn, 1975; Yamane
et al., 1965; Yamane et al., 1971), Snorocytophaga
(Osrnundsvag and- Goksoyr, 1975), and Cellvibrio
(Carpenter and Barnett, 1967; Berg and Hofsten, 1973;
Berg, 1976; Breuil and Kushner, 1976).
With the exception of these few species of
pseudomonads, clostridia, cellulomonads and actinomycetes
there is relatively very little information available
in the literature concerning production and properties
of bacterial cellulase, in particular, species of the
genus Bacillus, which are known to be the sources of
many different kinds of extracellular hydrolytic enzymes
(Priest, 1977; Zemek et al.. 1981). The endo-,4-
glucanase activity was described in some strains of
Bacillus subtilis, B. cereus, B. megaterium, B. polymxa,
2. circulans, B. macerans, and B. stearothermophilus
(Fogarty and Griffin, 1974; Borriss et al., 1980;
Sippola and Mantsala, 1931). Some cellulolytic enzymes
of the Bacillus species have been reported to exhibit
stability at high temperatures. The 3-glucanase
from B. subtilis has been shown to have better thermal
stability than those isolated from barley malt oif
Aspergillus niger (Knosel, 1972). It has
been reported that carboxylmethyl cellulose was
degraded into cellobiose by CMCases of certain Bacillus
species (Knosel, 1972). However, the production of
exo-1 ,4-glucanase (cellobiohydrolase) has not yet been4
reported in Bacillus species which produce CMCase.
(Zemek et al., 1981). Cantwell and McConnell (1983)
reported the successful isolation of the gene coding
for the eao.d.o-|il, 3-§1 ,4-glucanase in B. substilis, and
they transferred this gene into the cells of Escherichia
coli through phage and plasmid vectors. The
engineered E. coli produced endo-Jl 3-j3 1 ,4-glucanase
successfully.
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3. Cellulase from thermophilic microorganisms
It is important to note that evaluation of
microbial strains producing cellulases should be
made not only on the cellulase activity but also
on the stability of the enzymes and their
performance during cellulose hydrolysis. Stability
of the cellulase at high temperatures would favour
the process in hydrolyzing cellulose at elevated
temperatures,thus speeding up the process and would
reduce the production cost. The fungus Trichoderma
reesei C30 has been found to possess relatively
stable exoglucanase which maintained 72% activity
even after 3 days of incubation at 500C and pH 5.0
(Reese and Mandels,1980). On the other hand, T.
koningii exoglucanase loses 70% of its initial activity
after incubation for 30 minutes at 45 oC (Halliwell
and Griffin, 1973). In order to obtain higher
sugar concentration, saccharification of cellulose
using the cellulase from T. reesei was estimated to
require at least 24 hours at or above 500C'
(Sternberg et al., 1977). However, thermoinactivation
of the cellulase resulted and the recovery of the
enzyme was low.
Enzymes from thermophilic or thermo -tolerant
organisms often exhibit better thermal stability.(Fullbrook,
1983). Thermophilic microorganisms are thus being looked
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at as a source of thermostable cellulases, such as
the fungi. Chaetomium thermophile var dissitum,
Humicola species, Sporotrichum thermophile and
Thermomonospora species (H.gerd.l et al., 1980).
Over 85% of the original cellulolytic activities
of these fungi was retained after incubating for 24
hours at- the temperature range of 55 to 600C.
The advantages of using thermophilic organisms origin-
enzymes for industrial applications havebeen summarized
by Doig. (1974) as:
a. lower costs in enzyme production by not requiring
heat exchangers,
b, suitable for operation at elevated temperature
(as most industrial fermentation processes do),
c, the processes can be carried out at a faster
reaction rate,
d. minimize microbial contamination when operated
at elevated temperatures,
e. allows processes.-to be run over prolonged period
of time at elevated temperatures with good
maintainance of enzymatic activity and recovery.
Studies on direct conversion of cellulosic
biomass to ethanol, organic-acids and chemicals have
been mostly concentrated on the thermophilic anaerobic
bacteria such as Clostridium thermocellum (Cooney
et al., 1979). In a mixed culture of C. thermocellum
and C, thermoasccharolyticum ZC, the latter being
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a strain capable of metabolizing pentose to ethanol,
these bacteria can directly convert substantial
cellulose and hemicellulose to ethanol.'
However, cellulases from the mesophilic
cellulolytic microorganisms may also possess high
thermostability since 'cellulase complex' in many
mesophilic fungi like Trichoderma reesei, T. viride
were found ±o beglycoproteins (Mandels, 1982). It
was believed that glycoproteins should be more stable
to thermal inactivation.
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B. Production and cultivation of cellulolytic microorganisms
Production of microbial cellulases via an
economical and efficient process depends much upon the
selection and improvement of suitable strains which
can produce a balanced complex of cellulase components,
and on the development of suitable fermentation media
and methods. Past research (Reese and Levison, 1952;
Mandels and Reese, 1957; Mandels and Weber, 1969; Lee
and Blackburn, 1975; Hagerdal et al., 1978) concerning
cellulases production were done mainly on Trichoderma,
Clostridium, and Thermomonospora species. However,Q
one major problem with these microorganisms in
producing cellulase is present,that a relatively long
cultivation period is required in order to obtain high
yields of cellulase. Cellulase is an inducible enzyme
complex which can be repressed by glucose and other
glucose metabolites (Gong and Tsao,1979). Thus
improvement of the fundamemtal fermentation media and
methods may be promising in maximizing the yield of
cellulase produced by selected organisms.. Mutagenesis
of certain cellulolytic microbial strains has been
carried out by Montenecourt and Eveleigh (1977) that
mutant strains of having a three to four fold increase
in cellulase production have been isolated. The mutant
Trichoderma reesei NG 14 possesses a five-fold increase
in filter paper degrading enzyme activity when compared
with that of T. reesei QM 9414. However, this mutant
14
only representsa partial derepression of the cellulase
production mechanisms since other components of the
cellulase complex of T. reesei NG 14, are not produced
proportionally (Montenecourt and Eveleigh, 1977).
It seems likely that induction and catabolite repression
mechanisms may be the key processes which regulate the
relatively low and non-proportional hyperproduction of
cellulase components in this fungus.
The major factors affecting cellulase production
in microorganisms are:





Inhibitors of cellulase production
b. Phases of growth
c. Medium pH
d. Effect of cultivation temperature
e. Effect of aeration on aerobic production of enzyme
f. Strain selection and genetic improvement for cellulase
production.
a. Composition of medium
The basic medium composition for the growth of
cellulolytic microorganisms should consist of a
nitrogen source, a carbohydrate source, macro-
nutrients such as Mg++, Ca++, Fe+++, and Na+, and
a number of trace elements. Growth factors may or
may not be required for the normal growth of most
microorganisms except for those auxotrophic mutants.
Nitrogen Sources
In general, inorganic nitrogen sources
provide a readily available nitrogen group for
most microorganisms. In Trichoderma reesei,growth
was found to be good in submerged culture
1
with inorganic salts including ammonium as
nitrogen supply.with any of a wide variety of
carbon sources, and other growth supplement
was not required.(Mandels and Weber, 1969;
Mandels et aJL., 1974). However, organic
s
nitrogen is required for maximum cellulase
production has been reported (Mandels and
Weber, 1969). In cultivating T. reesei. a
medium contained 0.05 to 0.1% of peptone with
urea as nitrogen sources resulted' in good yield
of cellulase. The CMCase production of a
thermophilic Clostridium species was found to
be maximized at a supply of 0.5% of yeast
extract, but decreased with either increasing
or reducing the yeast extract concentration
(Lee and Blackburn, 1975). Addition of 0.1%
to 0.5% of aspartate, glutamate, casamino acids
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or peptone has been found to stimulate the
extracellular and intracellular CMCase
production by Pseudomonas fluorescens var,
cellulosa (Yamane et al., 1965). In Bacillus
subtilis, Aspergillus niger and Trichoderma
viride,pentosanase production was stimulated
by the inclusion of corn-steep liquor in the
culture media (Simpson, 1956, 1959) while
proteinase production by Bacillus subtilis was
stimulated by the addtion of rice bran
(Tsuchihia, 1954). Stimulation of extracellular
enzyme production by complex nitrogenous
materials may be due. to a readily supply of
amino acids or peptides to an extra supply of
growth factors, or occasionally, of trace elements
(Bridson and Brecker, 1970). Evidences for the
necessity of peptides for the growth-of certain
bacteria are plenty, but no instance of peptides
being required specifically not for growth but
only for extracellular enzyme formation (Davies,
• 1969).
The usual response-of a microbial culture
to complex nitrogen sources is an increased
formation of enzymes, but cases showing that
organic nitrogen are not so suitable for
certain extracellular enzyme synthesis (Davies,
1969)e Toyama (1958) demonstrated that ammonium
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salts were best fitted for celluloly tic enzyme
formation in Trichoderma viride, while high
concentration of organic nitrogen sources were
reported to be not suitable for the enzyme
synthesis.
Another complication in affecting the
enzyme production with the addition of organic
nitrogen source is that many microorganisms
are capable of producing proteinases which are
best induced in media containing organic
Is
nitrogen (Simpson and McCoy, 1953).
The precise choice of nitrogen source for
a medium thus depends on the microbial species
concerned. Reese and Levi.nson(1952) found that
NH4NO3 but not NaNO3 was a good source for CMCase
and (3#lucosidase production by Aspergillus
luchuensis QM 873 (optium of 0.5 mg glucose/hr/ml
produced for a 8-Day culture). Sporotrichum
thermophile cultured with NaNO3 or NH4H2P04
as inorganic nitrogen source in buffered(pH7.4)
and non-buffered Pettersson medium showed that
the non-buffered NaNO 3 medium and the buffered
NH4H2PO4medium produced the same amount of
endo-and exo-glucanases in the cultures.
Inhibition of enzyme production was observed
in the non-buffered NH 4H2PO4culture with the
final medium pH dropped to 3.0. Moreover,
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culture of Sporotrichum thermophile with urea
as nitrogen source showed similar exoglucanase
activity and higher CMCase activity than the
other inorganic nitrogen sources used.
Carbohydrate sources
Cell growth and extrtcellular enzyme
production are processes which require energy
supply. Most microorganisms, though certain
bacteria can also use amino acids, usually
consume a metabolizable carbohydrate for energy
supply and growth. In addition, carbohydrate
may also serve the role as inducer for the
inducible carbohydrase. However, a minimum
supply of fermentable carbohydrate from
endogenous or exogenous sources is required
since inducible enzyme production involves a
series of energy consuming processes. Lanigan
(1959) demonstrated that Clostridium flavum
and C. laniganii which utilized pectate but
were unable to produce the pectate utilizing
enzymes until a 0.2% of glucose supplied to the
culture medium containing 0.5% peptone, 0.5%
yeast extract and 0.5% sodium pectate.
Therefore, for the production of inducible
extracellular enzymes by microorganisms which
can grow well in carbohydrate-free media,e.g.
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certain clostridia and streptococci, it is an
usual practice to include a small amount of
glucose (0.25%) in the culture medium (Davies,
1969).
Inhibition exerted by glucose on the
production of inducible extracellular carbohydrase
is a rather common phenomenon found in bacteria
(Gilliland et al., 1972 Smith and Gold, 1979).
Streptomyces. griseus was found to be inhibited
by the addition of glucose to culture. medium
containing chitin as sole nitrogen source
(Jeuniaux, 1955). Microbial cultures grown in
media containing carbohydrate as the carbon and
energy source usually result in inducible carbo-
hydrases production and acid production.
Cellulase production in Trichoderma species seems
to be partly regulated by the acid production
processes (Mandels and Reese, 1960). When
glucose was added to cultures growing on cellulose
the original pH dropped from 5.0 to 2.5 with a
significant loss of cellulase activity. If an
inducer was still present after the added glucose
consumed, the cellulase activity reappeared.
Moreover, if pH was held at about 5.0 after
glucose addition, cellulase activity was found
to remain stable. A stringent supply of glucose,
thus, may be a stimulus for carbohydrase
production.
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Davies( 1969) demonstrated that
sucrose monopalmitate was slowly hydrolyzed to
supply a steady and low concentration of sucrose
by Penicilium species where invertase production
of the fungi was stimulated by this low sucrose
supplied. Cellobiose octa-acetate de-esterified
slowly by many fungi to give a low level supply
of cellobiose which stimulated extracellular
cellulase production in some Trichoderma species
(Mandels and Reese, 1960). Cellobiose at
concentrations which should support reasonable
growth of a culture has been found to be a poor
inducer for cellulase production. Possibly
there existed a suppressive effect on cellulase
synthesis by the high concentration of cellobiose
or by glucose derived from cellobiose.
Cellobiose and glucose thus seem to be both the
inducers (at controlled low concentrations) or
repressors (when present in high concentrations)
of cellulase synthesis under diferent conditions.
Modified substrates such as cellobiose octa-
acetate thus frequently act as good inducers
for extracellular enzyme production (Mandels
and Reese, 1960 Reese et al., 1969). Cellulose,
an insoluble substrate for the cellulolytic
microorganisms, act as a good inducer for the
extracellular cellulase synthesis too. The
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mechanisms involved in the induction were still
unknown' and it has been proposed that a close
contact of cellulose and the cellulolytic
microorganisms was required for enzyme induction
(Rautela and Cowling, 1966 Berg and Hofsten,
1976). However, celluloses are very large
molecules and are insoluble that they cannot.
enter the cells as the usual soluble inducers
do. t Mandell :and Reese (1960) proposed that there
was a 'basal synthesis' of cellulase by cells
of Trichoderma, which was subsequently releasgd
into the culture medium. The enzymes then
hydrolyzed cellulose and provided the cell with a
limited amount of cellobiose as in the case of
cellobiose octa-acetate. Gong and Tsao (1979) reported
that Trichoderma reesei produced trace cellulase
enzymes which were independent of the carbon
source supply and were active even under
starvation. This constitutive 'basal synthesis'
of cellulase has also been reported in other
microorganisms (Yamane et al., 1965 Hulme and
Stranks. 1971). The lag period required
for cellulase induction by cellulose is
depended on the relative amount of 'basal
synthesis' of cellulase produced by the
microorganisms.
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Mandels et al. (1962) reported that glucose
added to medium used for growing cellulolytic
fungi resulted in a slight induction effect on
cellulase synthesis. The phenonmenon was later
found to be that commercially available glucose
produced from acid-hydrolysis of starch may
form some reversion disaccharide--products of
which sophorose was found in trace content
(Nisizawa et al., 1971). Sophorose (2-o-p-
glucopyranosyl-D-glucose), an uncommon sugar
found in Sophora japonicum was first reported
to be a potent cellulase inducer at10-5M
concentration in Trichoderma reesei (Mandels
et al,, 1962). These authors also reported
that sophorose could induce cellulase synthesis
in a limited number of fungi such as Trichoderma
reesei and T. koningii. The sugar was
metabolized by the fungi whilst cellulase
synthesis appeared after most of the sophorose
was taken up, and enzyme production ceased
after the depletion of sophorose (Loewenberg
and Chapman, 1977 Sternberg and Mandels, 1979).
Lactose was also found to be an inducer
for cellulase synthesis in T. reesei (Mandels
and Reese, 1975). Induction occurred only at
low lactose concentration (0.01%) and was
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insensitive to high concentration of lactose.
Moreover, high pH value of the medium inhibited
cellulase production which was presumably due
to inhibition on the cellulase releasing
mechanism.
Carbohydrates used in cultivating
microorganisms were reported to affect the
carbohydrate content of some extracellar enzymes.
Dextransucrase of Betacoccus arabinosaceous
grown in media containing 10% sucrose as carbon
source was found to contain 70- 80% dextran
and required no primer for maximum activity.
When comparing with the same enzyme isolated
from culture grown with 10% maltose and 2%
sucrose, only 7.5% dextran was found in the
enzyme molecules and a primer was required for
maximum activity. In addition, the enzyme was
much thermostable (Bailey et- ai.. 1957), The
4-amylase isolated from Taka-diastase contained
2.73% carbohydrates (8 moles of mannose, 1 mole
of xylose and 2 moles of hexoamine) per mole of
enzyme. The same level of enzyme activity was
observed in Aspergillus or zae grown on synthetic
medium containing only 0.25% carbohydrate
( Davies, 1969). Cellulase complexe.S
with different carbohydrate contents found in




Trace metal ions (e.g. Ca++, Mg++, Mn++,
Fe+++ *Zn++ Cu++ Co++ MO++ etc.) are
essential for bacterial growth and some of
them are essential constituents of coenzymes.
Calcium is found to be essential for the
activity and stability of many extracellular
enzymes (Pollock, 1962) such as-amylases from
Bacillus subtilis (Stein and Fisher, 1958),
B. stearothermophilus (Manning and Campbell
1961) and Aspergillus oryzae (Stein and Fisher,
1958). Production of dextransucrase by
Betacoccus arabinosaceous was increased by
50 to 100% with the addition of 50 ppm of Ca
to the medium (Davies, 1969). Fe+++ was reported to
be required for o(-amylase formation by Bacillus subtilis
(Coleman, 1967). Manganous ions has been reported to
be essential for proteinase formation by Bacillus
subtilis and further stimulation on proteinase
production was resulted by the addition of Zn++,
Ca++ and Ba++ (Davies, 1969). Various combinations
of Zn++, Mn', +Fe++, CO++ and Ca++ have been found
to stimulate cellulase production in Trichoderma
viride (Mandels and Reese, 1957).'. Mandels
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and Reese (1960) found that in the absence of
Co++', growth of Trichoderma viride was not
affected but cellulase production was inhibited.
Addition of 10 ppm of Co++ to the culture medium
resulted in delay consumption of cellobiose and
the endo- 01,4-glucanase production eventually
reached a maximum. In the presence of Co++ at
higher concentrations, both growth and the
endo- P 1,4-glucanase production were inhibited.
The possible effect of. Co++ in cellulase
production may be due to inhibition on sugar
metabolism (sugar transportation through cell
membrane o-r inhibiting the cellobiose metabolizing
reaction components).
CMCase from Humicola lanuainosa was found
to be stimulated by Ca++ and Mg++ (Olutiola,
T982). Ca++ and Mg++ and Mn++ were found to exert
different stimulating effect on cellulose-
solubilizing activity of the CMCase from
Acetivibrio cellulolyticus (MacKenzie and
Bilous, 1982).
Inhitition of enzyme activity by a
chelating agent is usually.accepted as true
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evidence for a metal ion requirement, but
the inhibition by a metal ion does not
necessarily mean that the ion is forming an
active complex with the enzyme protein. The
metal ion may function by displacing the true
metal activator from combining with. the chelating
agent (Davies, 1969).
Growth Factors
Stimulation of extracellular enzyme.
formation by the inclusion in the medium of
complex nutrients such as yeast extract and-.
rice bran extract etc., is partly due to the
growth factors present in the extracts... Rogers
(1957) worked on the formation of hyaluronidase
by Staphylococcus aureus 524/SC/55 and showed
that enzyme production was suppressed to a
greater extent than cell mass during growth
on thiamine- or nicotinic acid- deficient
synthetic media. Other similar cases were
reported (Bellamy .and Gunsalus, 1945 Mandels
and Weber, 1969). Usually the culture media
used for the production of microbial enzymes
are invariably complex and consist of complex
ingredients such as yeast extract. These complex
nutrient sources supply a wide range of substances-
including polysaccharides, peptides, amino acids,
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lipids, nucleotides, trace metals, vitamins,
and minerals.(Bridson and Brecker, 1970).
In fact, it is easier to balance a
culture medium with complex ingredients than
to attempt to establish an all-synthetic mediun.
Inhibitors of cellulase production
Eriksson et al. (1974) observed that cell-
free filtrates of Sporotrichum pulverulentum,
Polyporus adustus, Myrothecium verrucaria
and Trichoderma reesei solubilized cellulose
at a slower rate under aerobic condition than
under aerobic conditions. later it was found
out that in the Sporotrichum pulverulentrum
cellobiose was oxidized to cellobionic acid and
cellobiono-S-lactone which actions were 'thought
to prevent transglycosylation,built up a high
cellobiose concentration (Eriksson, 1978).
The high cellobiose concentration built up in
the culture medium may inhibit the production
and activity of cellobiohydrolase, therefore
the solubilizing rate decreased markedly.
Culture filtrate from Fusarium species grown
in medium containing high concentration of
cellulose showed a decreased in hydrolytic
activity towards cotton (Targonski and Szajer,
1979). This was attributed to the increased
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synthesis of cellobiose dehydrogenase with
increased cellulose concentration. Cellobiose
dehydrogenase caused a corresponding
accumulation of lactones in the culture fluid
which inhibited cellulase activity (Targonski
and Szajer, 1979).
b. Phases of growth
The relationship between phases of growth
and yield of extracellular enzyme in a culture
varies with respect to the microbial species
concerned, the aa::ture- of the enzyme and the
conditions of growth. For most extracellular
enzymes, production more or less parallels
growth, though there may be small differences in
the time* sequence at which different enzymes an
appear (Davies, 1969). Maximum yield of the
enzyme is usually reached at the time when growth
ceases, provided the culture medium does not
become deficient in nutrients such as inducers
which are specifically required for the synthesis
of particular enzyme but not for growth (Davies,
1969). If incubation continues beyond cessation
of growth, the yield of enzyme may increase, or
remain constant or decrease, which dependent on
the presence or absence, as well as the level of
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extracellular proteinases produced or liberated
during autolysis of the cells (Davies, 1969).
Since the cellulase complex consists of a
mixture of enzymes, it is not known whether
different components of the complex appear in the
culture medium sequentially (Gong and Tsao, 1979).
Hagerdal et al.. (1978) reported that all three
cellulases produced by Thermonactinomyces
appeared in growth medium simultaneously during
mid-log phase of growth. Fagerstam and Pettersson
(1979) reported that there is no sequential
appearance of various cellulases produced by
Trichoderma reesei.
The relation of protein secretion, enzyme
activity to the culture age was studied (Mandels
et al., 1975 Nevalainen and Palva, 1978). Results
of the studies indicated that the secretion of
proteins seemed to be related to the slow down
of cell growth, and thus the highest cellulase
activity was usually found in the stationary and
post-stationary phases of growth (Mandels and Reese
et al., 1974 Breuil and Kushner,
1960 Yoshikawa
1976 Chang and Thayer, 1977 Saddler and Khan,
1980),
Yoshikawa et 1. (1973) worked on the bio-
genesis of multiple cellulase components of
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Pseudo monas flourescens var. cellulosa. These
authors reported that multiple components of
the cellulase found in the culture medium were
secondarily formed from the peak I cellulose
components extracted from the intrawall fraction
during earlier growth phases. Enzyme modification
of the carbohydrate and/or of the peptide moieties
of peak I cellulase was thus proposed by Yoshikawa
et al. (1973), therefore multiplicity of cellulases
appeared in later growth phases of the culture
medium.
c. Medium pH
Most microbial extracellular enzymes have
been found to be produced in greatest yields in
cultures grown at a pH value somewhere near the
optium pH of enzyme activity (Davies, 1965).
Exceptions are found where growth pH for maximum
enzyme production is far.-beyond the optimum pH
of enzyme activity-but still-. v ithin the pH
stability range of the enzyme. Amylase production
by Bacillus macerans was not detected in culture
grown at pH below 6.6 and yet the enzyme was
optimally active at. pH 5.0 to 6.0 (Tilden et al.,
1942). Maximum production of 'alkaline proteinase
by B. su.btilis was reported at pH 7 to 8 while
this enzyme was most active at pH 9.5 to 10.5 and
having maximum stability at pH 9.0 to 9.5.
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The pH range for the stability of some
metal-activated enzymes are diminished markedly
by.removing' the activating metals, such as Ca++
enables the _amylase activity of Bacillus subtilis to
remain stable over a pH range cf 5.0 to 10.0.
In the absence of Ca++, the enzyme shows a
stability only at pH 6.2 (Davies, 1969).
Considerable influence of metal ion deficiencies
therefore may complicate the relationship
between growth pH and metallo-enzyme
production.
In Trichoderma reesei, conditions for maximum
cellulase production were not the same as the
conditions for optimum growth. A rapid decline
in the medium pH resulted during metabolism of
an insoluble substrate such as cellulose could
be as fast as any soluble carbohydrates (Ghose,
1977). The rapid disappearance of sugar caused
a decline in pH which in turn zaused the disappear-
ance of cellulases, which can be attributed to
the extreme sensitivity of 1,4-glucosidase in
the cellulase complex to pH change. However, when
the pH of the culture medium was held at pH 5.0,
the enzyme activity was found to remain stable
(Enari and Markkanen, 1977 Gong and Tsao, 1979).
The acid production during growth on cellulose
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may have a regulatory function on enzyme production
(Mandels, 1975)-A. detailed summary of the pH
effect on cellulase production has been presented
by Ghose (1977). The pH value of medium has been
reported to affect the -1,4-glucosidase production
and activity, while 1,4-glucosidase controlled
the flow of glucose and/or cellobiose derived from
cellulose into the cell (Sternberg, 1976).
d. Effect of cultivation temperature
Extracellular enzyme formation in several
instances is greater when the organism is grown
at temperatures lower than those for optimum growth
(Mandels and Reese, 1960 Ryu and Mandels, 1980).
These studies indicated that conditions which
restricted the growth rates of Pestalotiopsis
westerdijkii, Triahoderma viride and a basidio-
mycete.. species, especially when lowering the
temperature, markedly increased the production
of c e llulo lyt i s enzymes. The pent o san- hydrolysis
enzymes were increased two-folcb in Bacillus subtilis
and five-folds in B. pumilus while grown at 26°C
although their optimal growth temperature were both
at 40°C (Simpson-, 1956).
The thermostability of the crystalline
-amylase of the thermophilic B. coagulans has
been found to be dependent on the growth temperature
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(Campbell, 1955). The enzyme formed during growth
at 55°C retained 88- 90% of its activity after
incubation at 90°C for 60 minutes whereas the
enzyme formed during growth at 350, only retained
6- 10% of the original activity under the same
assay conditions.
On the other hand, there are also many
instances where maximal enzyme production was
achieved when the microorganisms were cultured
at optimal temperature for growth (Suzuki et
al., 1976)
e. Effects of aeration on aerobic production of
enzyme
Conflicting reports are found in the.
literature concerning the importance of aeration
for the production of some extracellular enzymes
by aerobic microorganisms. Aeration is necessary
for some species but the precise degree of
aeration varies with the organisms and with the
enzymes. Alkaline proteinase, subtilisin,
production by Bacillus subtilis in submerged
rr
culture required vigorous aeration (Guntelberg
and Ottesen, 1952) whereas production of a
neutral proteinase by B. stearothermophilus
occurred in static surface cultures and has
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been reviewed to be inhibited by aeration(Davies, 1969).
Optimum rates of aeration have been reported
for aryl-p- glucosidase and cellulase formation
by Stachybotrys atra (Thomas, 1956). However,
it was later found that very high rates of
shaking resulted in diminishing of cellulase
production and growth of S. atra. Reynolds
(1954) found that shaking was needed for high
yield of chitinase-by Streptomyces griseus grown
at 28°C. The reason may be partly due to a
requirement for dissolved oxygen and partly to
the need to. keep the chitin in suspension for
maximum hydrolysis to be proceeded by the
extracellular enzymes. A review by Ryu and Mandels
(1980) concluded that adequate oxygen transfer
rate in the fermentation broth for cellulase
production must be maintained during growth and
enzyme production. A requirement for at least
the maintainance level of oxygen uptake rate for
energy metabolism and the corresponding amount
of oxygen must be supplied to the cells, and
cellulase biosynthesis ceased if oxygen supply
was below the maintainance level.
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f. Strain selection and genetic improvement
Microbial cellulase production, like the
synthesis of many other extracellular enzymes,
is under strict genetic and biochemical contol
mechanisms. These controls include induction,
catabolite repression, and end product repression.
Economy within living cells instructs the
organisms not to oversynthesie any products
unless their production is required for cell
growth or survival. The aim of strain selection
should, therefore, be to isolate microorganisms
which are fast growing with hypercellulase
production. On the other hand, improvement for
cellulase production can be obtained from natural
or artificial mutants which are no longer subjected
to the constraints of genetic and/or biochemical
control mechanisms.. Such mutants will drastically
reduce production cost by increasing enzyme yields.
The most prominent example is found in Trichoderma
mutants isolated from T. reesei QM 6a originally
isolated at the U.S. Army Natick Research and
Development Command. ,Natick, U.S.A. (BiSaria and
Gho s e ,1981). Two genetic l ineage5 o f mutants
development proceeded with physical mutagens
linear accelerator, UV-Kabicidin and UVf and
chemical mutagen: (N-methyl-N'-nitro-N-nitroso-
guanidine, NTG) at Natick and Rutgers University
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(Montenecourt and Eveleigh, 1977). Two strains,
NG 14 and C30, developed at Rutgers University
showed about 15 to 20 folds increase in cellulase
activity over the wild type QM 6a strain (0.1 to
1.0 Filter paper units/ ml) (Andreotti, 1980).
Some new mutant strains producing as much as 80
IU/ L /hr in a batch culture system and 7 IU /gm
cell./hr in a continuous culture system (Ryu
and Mandels, 1980). These high temperature-
stable enzymes are able to hydrolyse cellulose at
high temperature thus speeding up the process and
so reducing the production cost. Strain C30 has
been found to possess the most stable exo-glucanase
(Reese and Mandels, 1980). Only 28% of the
enzyme was inactivated at 50oC at pH 5.0 after
3 days of incubation.
Besides T. reesei, a number of thermophilic an-
aerobic bacteria (Lee and Blackburn, 1975), and aerobic
bacteria (Stewart and Leatherwood, 1976; Sippola 'and
Ntantsala, 1981) have been used for obtaining
high cellulase production mutants.
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Mechanism of microbial cellulase production
The cellulase complex is an enzyme complex
produced by the cellulolytic microorganism with
a 'basal synthesis' concentration which is
independent of the type of carbon sources used
in the culture medium (Mandels and Reese, 1960
Gong et al., 1979). Cellulose has been recognized
as the best 'inducer' for the complete cellulase
complex (Mandels and Reese, 1962 Breuil and
Kushner, 1976). Other effective inducers include
sophorose, lactose and cellobiose4 (Mandels and
Reese, 1962 Nisizawa et al., 1971). Cellulose,
cellobiose and lactose are effective inducers of
cellulase at relatively high concentration (0.1%).
On the other hand, sophorose can induce cellulase
at very low concentration (10-5 M) (Loewenberg
and Chapman, 1977; Sternberg and Mandels, 1979)0
The natural inducer of cellulase synthesis.has
not yet been identified but results from a number
of studies indicate. that cellulase synthesis is
repressed by glucose or glucose metabolites,
fructose, maltose and ATP found that the
catabolite repression on the biosynthesis of
inducible cellulase occurred at the translation
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level based on their studies with actinomycin D
and puromycin. They also found that amino acid
assimilation was closely related to the absence
or presence of inducer and this finding suggested
that cellulase biosynthesis was closely related
to amino acid assimilation and metabolic regulation.
Co-induction of the components of cellulase
complex by cellulase inducers was suggested by
the evidence obtained from hyperproduction mutants
producing high amounts of both exo- and endo- glucanases
(Montenecourt and Eveleigh, 1977). The simultaneous
induction and repression of both cellulases suggested
a coordinated regulatory mechanism analogous to
that described for the (3-galactosidase enzyme
system in Escherichia coli. Nevalainen and Palva
(1978) proposed that the simultaneous loss of both
endo- and exo- cellulases from cellulaseless
mutant of Trichoderma could be due to a defect in
the enzyme secretory mechanism. A unified model
for the regulation of cellulase synthesis is
difficult to construct due to the wide diversity
of respones of microorganisms to verious inducers,
catabolites and growth environments. The
important roles of th.e lucosidases in regulating
the glucose, cellobiose or other oligosaccharides
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by releasing the catabolite repression effect
must be taken into account when constructing
cellulases biosynthesis mechanism. Taking the
role of P-glucosidases into consideration, Gong
and Tsao (1979) have constructed a model for
cellulases synthesis which allowed for several
possible variations in growth conditions and
diverse responses of cellulolytic microorganisms.
The model is summarized as in. Fig. 10
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Model of Cellulase Biosynthesis Regulation( projected from recent pertinent data, Gong and Tsao t 1979)
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Biochemical characterization of the cellulase system
The ability of cellulose degradation of a variety
of microorganisms is a long-noted phenomenon since 1888
and in 1912 a German scientist, Pringsheim, set forth
the 'classic theory' of cellulase action by suggesting
that two enzymes were involved in cellulose hydrolysis
(White, 1982). The German scientist proposed that
cellulolytic bacteria produced two products, glucose
and cellobiose, during cellulose degradation, and that
one enzyme (cellulase) cleaved' cellobiose from cellulose
and a second enzyme (cellobiase) splitted the cellobiose
into two glucose molecules.
In the early 1950's, Reese and coworkers (Reese
et al., 1950 Reese and Levinson, 1952 Reese, 1956)
noticed that relatively few organisms were capable of
efficiently hydrolyzing native cellulose. They proposed
the term 'true cellulolytic'microorganisms which
possessed enzymes that can hydrolyzed native cellulose
while others only produced cellulases capable of
hydrolyzing soluble cellulose derivatives. C1, the
enzyme was designated, is an exo-glucanase which attacks
crystalline cellulose and decrystallizing the native
cellulose, so that the cellulose becomes more susceptible
to.Cx (endo- 1F ,4-glucanase) activity.
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Reese et al. (1950) proposed a model for cellulases
action. Despite of the oversimplicity of the model,
it aroused much attention and was instrumental in
subsequent work in the characterization of the cellulase
system. Throughout the 1950's and 1960's, much work had
been forwarded on the purification and characterization
of C1 and 'fix (Li et al., 1965 Selby and Maitland, 1967
Wood, 1968 Eriksson and Rzedowski, 1969). Later, C1
was reported to be an exo-131,4-glucanase or the
cellobiohydrolase (Wood and McCrae, 1972 Halliwell
and Griffin, 1973). New procedures for separating
cellulase components were developed--subsequently, such
as the use of Concanavalin A column (Gong et al.,1979
Wood et al., 1980), cross linked cellulose (Weber et
al., 1980), high performance liquid chromatography
(Bissett, 1979), and immunological technology(. Fagerstam
and Pettersson, 1979 Nummi et al., 1980). The observed
multiplicity of cellulase components has been attributed
to continuous proteolytic action appeared in the culture
or due to continuous secretory processing mechanisms
(Yoshikawa et al., 1974 Nakayama et al., 1 976 Gong
et al., 1981). From the modes of action of the cellulase
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components, it was proposed that most of the 'true
cellulolytic' microorganisms have similar cellulase
system in containing one to several (-1,4-glucosidase,
endo P,4-glucanases, and exo- 1,4-glucanases that
act synergistically to hydrolyze insoluble cellulose
(Mandels, 1982).
A. Nature of cellulases components
1. Cellobiase
Cellobiase or (-1 ,4-glucanases (EC. 3.2.1.21)
is not a cellulase and may be produced by non-
cellulolytic organisms (Allcock and Wood, 1981
Godfrey, 1983). The enzymes function
in enhancing cellulose hydrolysis by cellulase
in removing the end-product inhibition effect
exerted by cellobiose (Bissett and Sternberg,
1978 Venardos et al., 1980 Sundstrom et al.,
1981). Supplemental 1, 4-gluco.sidase from
As ergillus phoenicis was added to Trichoderma
species preparation, enhanced rate of cellulose
hydrolysis was observed (Bissett and Sternberg,
1978) which indicated the role of the enzyme
related to the cellulase system. Microorganisms
produce high 1,4-glucosidase are thus received
certain attention in view of compensating for
the relatively low extracellular (21,4-glucosidase
production by Trichoderma reesei (Berghem and
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Pettersson, 1974).
In addition to cellobiase which releases
the effect of the end-product inhibition by
cellobiose, another enzyme phosphorolytic
cellobiase, has been reported to function in a
similar way (Huicher and King, 1958aHuttermann
and Valger, 1973; Ng and Zeikus, 1982).
Microorganisms. having phosphorolytic cellobiase
(cellobiose orthophosphate glucosyltransferase,
EC. 2.4-1.20) were found to grow better on
cellobiose than on D-glucose as sole carbon
source. It.was proposed that (1,4_glucosidic
linkage energy is conserved in the D-glucose-1-
phosphate molecules formed as the product of the
enzyme action (Huttermann and Volger, 1973).
It was suggested that cellobiose, a common
intermediate in enzymatic cleavage of cellulose,
can be degraded further by ATP dependent
phosphorylation of the hydroxyl, group of carbon
number six at the non-reducing moiety of cellobiose
followed by hydrolysis in Aerobacter aerogenes
(Palmer and Anderson, 1972a ,b), or by inorganic
phosphate dependent phosphorolysis leading to
equimolar concentration of -D-glucose-1-phosphate
and D-glucose in Cellvibrio (Hulcher and King,
1958 b), Fomes annosus (Huttermann and Volger,
t1973) and Cellulomonas Spec (DSM 20108) (Schimz
et al., 1983).
Other than the phosphorolytic cellobiase,
cellobiose dehydrogenase acts on cellobiose in
the presence of oxidants and produces cellobiono-
8-lactone which can be hydrated later to form
cellobionic acid (Coudrav et al.. 1982) in
Sporotrichum thermophile. It has been proposed
that the role of cellobiose dehydrogenase in
regulating the cellulolysis process by alleviating
cellobiohydrolase (exo-Jl ,4-glucanase) from
cellobiose feedback inhibition (Sternberg et al..
1977).
The molecular weights of p-glucosidases
appear to be larger that those of the exo- and
endo-p1,4-glucanases with the largest value
reported so far is 400,000 (Wood, 1975). The
isoelectric points of -gluaosidases have been
found to be on the acidic side, between 5.5 to
5.9 (Bisaria and G-hose, 1981). The other
properties of jg-glucosidases are as listed on
Table 1.
Table. 1. Summary of the properties of cellobiase (Mandels,1982)
Cellobiase =$-glucosidase (EC.3.2.1.21)
Substrates: Cellofciiose, (3-linked glucose dimers,
cellodextrins (activity increases as chain
length decreases), aryl-|3-glucosides (salicin,
p-nitro-phenyl -glucoside), no action on
cellulose.
Action : Hydrolysis of (3-glucosidic bonds(l-2, 1-3,
1-4, and 1-6) of dimers; retention of the
-glucose configuration, transfer of glucose
to other sugars or alcohols.
Products
Properties
: Glucose (detected by glucose oxidase)
i
: Soluble glycoprotein enzyme(s), can be
immobilized.
Inhibited by glucose, gluconolactone, and
nojirimycin.
Intracellular enzyme
(Sternberg and Mandels,1981), of Trichoderma
reesei;
M.W. 98,000; optimum pH 6.5; thermal stability
with 95% loss at 40°C for 1 hour, and 100%
loss at 60°C for 1 hour.
Km on cellobiose= 0.9- 3.3 mM,
on sophorose= 1.4- 6.7 mM.
Extracellular enzyme (Berghem'and Pettersson,
1974; Gong et ad.., 1977) of T. viride:
M.W. 47,000- 76,000; optimum pH 4.0- 5.0;
thermal stability withno loss at 40°-60 C
for 1 hour
Km on cellobiose= 1.5- 2.6 mM
(T. reesei M.W. 34,000)
Others:
Geotrichum candidum 3C: M.W. 20,000; pi at 5.9,





Thermoascus auranticus: M.W. 87.000; 33%
carbohydrates content (Tong et ahf 1980).
Ruminococcus albus: M.W. monomer 120,000,
dimer 240,000; pi at 4.4 (Ohimya et al..1983).
International Units= p. moles glucose per minute-
Greater than 100Umg protein, can be measured In
crude preparations.
When aryl--glucosides are used as substrates,
activity can be measured by following the
release of the algucone (saligenin, p-nitro-
phenol etc.). Cellobiose is the substrate of
choice for cellulase work snce aryl--
glucosidase which do not hydrolyze cellobiose
reported (Bucht and Eriksson, 1969).
Aspergillus phoenicis, Botryodiploida theobromae,
Candida cacaoi, Clostridium thermocellum,
C. acetobutylicum, Lenzites trabea, Penicillium
janthinellum, P. funiculosum, Pyricularia oryzae,
Schizophyllum commune, Sclerotium rolfsii,
Sporotrichum thermophile, S. pulverulentum,
Talaromyces emersonii, Thermoascus aurantiacus,
Thermomonospora spp., Trichoderma reesei and
T. viride, etc.




or CMCase (EC. 3.2.1.4) is frequently found in
culture filtrates of cellulolytic fungi and bacteria,
and has been commonly employed as an index for
cellulolytic enzyme production (Berghem and
Pettersson, 1973 Eriksson and Pettersson, 1975
Streamer et al., 1975 1Jmezurlke, 1979). Most of
the cellulase preparations of cellulolytic
microorganisms lack exo--glucanases and therefore
only limited action on crystalline cellulose
(Mandels, 1982). Two groups of endo-1,4-glucanases
have been found in the enzyme preparations from
Trichoderma reesei, namely the 'high molecular
weight' and 'low molecular weight' enzymes (Selby
and Maitland, 1967). Multiplicity of endocellulase
is most profound but the mechanism of heterogeneous
endocellulases production is still unknown.
Proposal of one common precursor followed by post-
translational modification or proteolytic activity
has been made (Eriksson and Pettersson, 1975
Streamer et al., 1975). The components of endo-
cellulases have been reported to exhibit different
modes of acticn and different substrate preferences.
They also differ in physical properties such as
molecular weight and isoelcctric point (Eriksson
and Pettersson, 1975 Streamer et al., 1975
Mandels, 1982). Endocellulases, in general, have
been found to be glycoproteins (Mandels, 1982)
with the exception found in Sporotrichum
(Eriksson and Pettersson, 1975). The sugar content
of endo-[£ 1 ,4-glucanases is around 10% of the enzyme
protein (Wood, 1975). The properties of endo-j5l,4-
glucanase are listed in Table 2.
3. Exo-$1,4-glucanases
Exo-j? 1 ,4-glucanase, or cellobiohydrolase,
or CBH (EC. 3.2.1.91) is rare and having only
4
been identified in a few microorganisms (Bisaria
and Ghose, 1981; Weimer and Zeikus, 1977; Gong and
Tsao, 1979; Ryu and Mandels, 1980). Cellulase
preparations containing exo-|3-glucanases but
lacking endo-(3-glucanases have not been reported.
Cellobiohydrolase production has been reported in
Cellvibrio gilvus but the enzyme is unable to
hydrolyze crystalline cellulose (Storvick and King,
1960). The existance of exoc-ellulase in bacteria,
thus, is questionable (Gong and Tsao, 1979). Some,
but not all, endo- and exo-|3 1 ,4-glucanases act
synergistically to hydrolyze crystalline cellulose
(Mandels, 1982). Synergism occurs between enzymes
from different fungi provided the fungal source
produces- a complete cellulase complex capable of
extensive hydrolysis of crystalline cellulose
(Mandels, 1982). Cellobiohydrolases. are inhibited
Table. 2. Summary of the properties of endo-A1,4-glucanases
(Mandels, 1982)'






Carboxymethyl-cellulose (CMC), and other solube
cellulose derivatives (low degree of substitution)
!Walseth! cellulose- amorphous cellulose,
dissolved, reprecipitated, never dried.
Cellodextrins (activity increases as chain
length increases). Almost no activity on
cellobiose and on crystalline cellulose by
purified enzyme.
Random hydrolysis of |3l ,4-glucosidic bonds,
analogous to ot-amylase. Retention of the
jS-glucose configuration.
Glucose and cellobiose, cellulodextrins
(transient).
Soluble enzyme, natural substrate insoluble.
Multiplicity prominent. Glycoproteins,in
general, with exception (Eriksson and Pettersson,
1975)
M.W. 11,000 to 65,000 in general, and 5,300
and 145,000 have been reported;
(Selby and Maitland, 1965).
Optimum pH 4.8 and pi range from 3.3- 6.2
(Bisaria and Ghose, 1981)






Sporotrichum pulverulentum: 5 components, M.W.
from 28,000 to 37,000 (Eriksson, 1975).
Table .2. cant1
pi 4.2 to 5.32, 0- 10.5% carbohydrate content,
G-eotrichum candidum 3C: 5 components.
(Rodionova _et al., 1 980)
M.W. 11,000 to 145,000; pi 3.3 to 4.0.
Thermoascus aurantiacus (Tong ei iLk., 1980)
2 components, M.W. 34,000 and 78,000;
carbohydrate contents 5.5 and 1.8% respectively
Ruminococcus albus(Ohmiya et al., 1983)
M.W. 60,000 and pi 4.3.
: International Units= p. moles reducing sugar
(as glucose) per minute
Approximately 20 IU mg protein (CMC 50T) in
crude preparation. Viscosity decrease- arbitrary
units. Can be measured on CMC in crude
preparations.
Purified endo-1,4-glucanases give a rapid fall
in viscosity of CMC relative to production of
sugar from Walseth cellulose.
Represents about 30% of the extracellular protein
in Trichoderma reesei cultures (Bissett, 1979).
Clostridium thermocellum, Irpex lacteus,
Penicilium funiculosum, Ruminococcus albus,
Talaromyces emersonii, Thermoascus aurantiacus,
Trichoderma reesei, T. viride.
others:
Bacillus spp. (Knosel, 1971; Forgarty and Griffin,






competitively by their end-product --cellobiose
(Halliwell and Griffin, 1973), and glucose also
inhibits cellobiohydrolases competitively, but to
a lesser extent. Highly purified cellobiohydrolase
is unable to attack cellobiose ,but the
glucosidase activity found in supposedly pure
enzyme preparation is probably due to slightly
contaminated by glucosidase (Gong and Tsao, 1979).
Cellobiose inhibition on cellobiohydrolase activity
can be released*by supplemental -glucosidasse
cellobiase (Huttermann and Volger, 1973 Ng and
Zeikus, 1982) and cellobiase dehydrogenase
(coud.ray et al., 1982). Almost all the
cellobiohydrolases reported so far are
glycoproteins (Gong and Tsao, 1979) except that
from S orotrichum (Eriksson and Pettersson, 1975).
The carbohydrate content of the enzymes variesfrom
as high as 50% (Selby and Maitland, 1967) to as
low as 3% in Trichoderma reesei (Berghem and
Pettersson, 1973). Multiplicity of cellobiohydrolase
has been reported in T. reesei (Gum and Brown,
1976 1977) and T. koningii (Wood, 1975), and
the multiplicity.is believed to be due to the
variation in sugar content of the enzymes (Gum
and Brown, 1977). The properties of exo- 1, 4-
glucanase are listed in Table 3.
(Bissett and Sternbernbeng ,1978), phosphorolytic
Table. 3. Summary of the properties of exo-fti ,4-glucanases
(Mandels, 1982)'







'Walseth1 cellulose (acid swollen, reprecip•'
itated), avicel or microcrystalline cellulose,
cellodextrins (activity increases as chain
length increases).
Almost no action on cotton by purified enzyme.
Limited action on CMC, no .action on cellobiose,
Hydrolysis of p ,4-glucosidic bonds by removing
dimers (cellobiose) form the non-reducing end
of the cellulose chain, analogous to -amylase.
Inversion of id-glucosidic configuration.
Cellobiose,oCanomer. Glucose (only when odd
number glucose chain present)
Soluble enzyme, insoluble substrate, strongly
adsorbed by cellulose.
M.W. 50,000 to 65,000
Glycoprotein, in general, with exception in
Sporotrichum (Eriksson and Pettersson, 1975)
Optimum pH 4.8
Optimum temperature 50 C (Trichoderma)
pi 3.7 to 4.3 (Bisaria and Ghose, 1981)
strongly inhibited by cellobiose (Halliwell
and Griffin, 1973), methylcellulose and glucose.
Less thermostable than the endo-1,4-glucanases.
Cannot be measured directly in crude
preparations because of synergism.
Exo- 1,4-glucanases which remove monomer
(glucose) from the non-reducing end of cellulose
chain are also known but have less intensively
studies than the cellobiohydrolase of Trichoderma.
Table.3- contTd.
The enzyme represents about 70% of the
extracellular cellulase protein of T_. reesei
(Bissett, 1979).
Organisms Irpex lacteus, Penicillium funiculosum,
Talaromyces emersonii, Thermoascus aurantiacus,
Trichoderma koningii, T. reesei, and T. viride.
4 Avicelase (Filter paper cellulase, cellulase)
The use of 01 as a synonym for exo-y5l ,4-
glucanase since the work reported by Wood and
McCrae (1972) and Halliwell and Griffin (1973),
and C1 was the postulated enzyme which produced
amorphous cellulose as a substrate for the Cx
enzymes. Wood and McCrae (1972) purified the C1
components from Trichoderma koningii and Fusarium
solani, which.found to have limited ability to
produce reducing sugars from CMC but was unable
to attack highly ordered cellulose by itself.
Eriksson (1969) thus suggested that endoglucanase
instead of C1 initiates that attack of micro-
crystalline cellulose by creating open chain ends 1
where endo-glucanase can act on. The properties
of avicelase are listed in Table 4.
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In view of this, Reese modified his proposed
model (1950) of cellulose hydrolysis by cellulases.
He believed that C1 definitely existed in the cell-
ulase complex produced by the true cellulolytic
organisms, which may be very a randomly acting
endo- -glucanase which acts effectively in
disintegrating, swelling, fragmenting native
cellulose (Reese, 1975), and it acts synergistically
with other members of cellulase complex to hydrolyze
native cellulose.
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Table.4. Summary of the properties of avicelase (Filter-paper
cellulase) (,Mandels, 1982)
Avicelase or filter.-pa-per cellulase
Filter paper, Cellulose powder, avicel, cottonSubstrate
various wastes as received or after pretreatment.
Swelling, disintegrating, fragmentation,Action
hydrolysis of insoluble cellulose.
Glucose,...cellobiose. Other sugars such asProducts
xylose are usually present-in digests due to
hydrolysis of other polysaccharides by other
enzymes.
soluble enzyme mixture, insoluble substratesProperties
Optimum pH 4.8
Optimum temperature 500C (Trichoderma)
International Units= u moles reducing sugarActivity
(as glucose) per minute
Specific activity depends on nature,
concentration, and pretreatment of the cellulose
substrate and on assay procedure and extend
of hydrolysis but is normally less than one
unit per mg protein.
Initial rates of iydrolysis are rapid as the
Remarks
most accessible cellulose is hydrolyzed but
fall off rapidly to zero if the cellulose
is incomplete. Therefore unit. values should
be based on equal and significant conversion
(1 to 4%, 0.5 to 2.0 mg reducing sugar).
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II MATERIALS AND METHODS
A. C el lul as e production
Isolation of bacterial strains from cotton waste compost
The bacterial strains employed in this study were
isolated from cotton waste at different stages of compost-
ing. The cotton waste compost was used for cultivating
edible straw mushroom (Volvariella volvacea). Two batches
of cotton waste compost were used for the isolation of
bacteria which were subsequently screened for cellulolytic
activities. One batch of cotton waste compost consisted
of (W/W): 95% cotton waste, 2% used tea leaves and 3%
soda lime and the other consisted of 93% cotton waste,
2% used tea leaves, 3% soda lime and 2% coal ash.
Samples of the two cotton waste compost used for
bacterial isolation were collected at different stages
during the composting and the cultivation processes,
which are indicated as follows:
R= raw materials of compost containing cotton waste,
used tea leaves, soda lime, with / without coal ash.
BT= before turning of the compost after fermentation
AT= after turning of the fermentated compost
AF= at the time of filling of fermentated compost onto
the mushroom cultivation beds
AP 62= fermented compost after pasteurization at 62°C for
3 hours
AP 50= fermented compost after pasteurization at 62°C for
3 hours and cooled down to 50°C
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BS= fermented compost after pasteurization and cooled to
32°C maintained by ventilation system, and before
applying the mushroom spawn,
APA= at the time when the pinhead of the mushroom appears
AH= after harvesting of the flash of mushroom,
Fig. 2 shows the processes of composting the cotton waste
and the cultivation of straw mushroom.
Samples of cotton waste compost were collected
as eptically into sterilized containers and brought back
to the laboratory immediately. Aliquots of 10 gm of
compost were placed in 100 ml of sterilized distilled
water in 250 ml conical flasks which were fixed onto a
gyratory shaker (New Brunswick Incubator shaker G25, New
Brunswick Scientific Co., Inc., Edison, N.J., U.S.A.)
operated at 200 rpm for 30 minutes. Extracted suspension
was-diluted serially with sterilized distilled water and
the diluent was spread onto a series of Nutrient Agar (Difco)
plates enriched with 0.5% yeast extract (Difco), 0.5%
glucose (Sigma Co.), cycloheximide (Sigma Co.) at a final
concentration of 0.5% was also incorporated into the medium
to inhibit any possible fungal growth (Hayes, 1969). A number
of plates were then incubated at 30°C in favour of mesophilic
were then incubated at 30°C to favour the mesophilic
bacterial species, while others were incubated at 50°C
to obtain growth of thermotolerant and thermophilic
bacteria. Bacterial colonies appeared on these agar plates
Fig. 2 Flow chart for Volvariella volvacea cultivation
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between one to three days of incubation were counted,
and the morphologically different colonies were isolated.
Individual isolates were purified by restreaking on the
yeast extract enriched Nutrient Agar medium plate twice,
and the purified isolated were stocked in the yeast extract
enriched Nutrient Agar slants and kept at 15°C incubator.
The number of viable bacteria present in the cotton
waste compost was expressed as the number-'of colony
forming unit (CFU) per gm dry weight of cotton waste compost.
Dry weight of the compost sampled was determined by drying
a preweighed amount of freshly collected compost at 1 1 COC
for 48 hours, subsequently cooled in desic.cator at room
temperature before weight determination.
Culture media for the bacterial isolates
Throughout the experiments, other than the isolation
of bacteria, two kinds of culture media were used to
cultivate the. bacterial strains. Initially, a modified
Pettersson medium originally used for the cultivation of
Polyporus vessicolor (Pettersson et al., 1}63) was used
for the screening method basal medium for selecting the
cellulolytic bacteria. The composition of the modified
medium is listed on Table 5.


























The pH of the medium was adjusted to pH6.5 with 1 N HC1
before autoclaving at 121°C for 30 minu-tes. To minimize
precipitation of the trace elements,the trace element
salts were dissolved in small amounts distilled water
and mixed following the listed order in Table 5• The
trace element mixture was filter sterilized with millipore
filter, 0.45 urn (Millipore Corp., Bedford, Mass., U.S.A.)
and stored as 10-folded .concentrates.
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After completing the screening procedures, a
thermo-tolerant strain of bacteria was selected for further
studies. A modified 'Thermophilic Defined Liquid Medium,
TDLM' for cultivating thermophilic Bacillus species was
used (Rowe et al., 1975). The composition of
TDLM is listed in Table 6.
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All ingredients were added according to the order listed
without stirring to prevent precipitation. Stocks of amino
acids were prepared as 1% solution (w/v). The final volume
of each solution was adjusted to 100 ml with deionized water
and the solutions were filter sterilized through 0.45 um
millipore membrane filter..
65
Preliminary experiments showed that the vitamins and
the amino acids in the TDLM can be well substituted by 0.05%
of yeast extract for obtaining good growth of the selected
strain. Therefore 0.05% of yeast extract was used in place
of the vitamins and amino acids. The pH of TDLM was 7.3
originally, which was subsequently changed to 6.0 after
knowing that this was the optimal pH for achieving high
cellulase production as well as good growth by this
bacterial strain. Stock solutions of trace elements mixture,
mixed mineral salts solution and yeast extract solution
were prepared and autoclaved separately at 121°C for 30
minutes, these stock solutions were subsequently added to
sterilized potassium phosphate buffer (pH 7.3 or 6.0)
when used. Stock solutions of sugars were millipore filter-
sterilized through 0.45 um membrane filter(Millipore Corp.)
except for the insoluble cellulose, carboxymethylcellulose,
starch and glycogen which were sterilized by autoclaving.
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Screening of cellulolytic bacteria isolated from cotton
waste compost
Several. methods were employed in order to identify
and confirm the cellulolytic ability of the bacterial
isolates which included the direct observation of clear
zone and growth of bacterial grown on o-cellulose overlaid
agar plate (McBeth, 1916), dye released from the. dyed
substrate-- cellulose azure (Smith, 1977) and the growth
in Pettersson medium (pH 7.3) containing 0.5% of carboxy-
methyl-cellulose as sole. carbon cource.
1. c-cellulose overlaying agar plate method (McBeth,1916)
The modified Pettersson medium with 1.5% Bacto-
agar (Difco) added was used. In order to increase the
sensitivity of clear zone formation, a thin laver of
*-cellulose'* (Sigma Co.) containing in Pettersson agar
medium was overlaid onto a prepoured layer of
Pettersson agar medium. Bacterial cells from an
overnight culture grown in Nutrient Broth (Difco)
was harvested by centrifugation (.Sorvall SCB II,
Ivan Sorvall Inc., Norwalk, Conn., U.S.A.) at 5,000 xg
for 15 minutes,then washed twice with 0.02M sterilized
phosphate buffer (pH 7.0) andi resuspended- in the
same buffer. Agar plates inoculated with these
bacteria cells were incubated at 30°C and another set
at 50°C for 2 to 7 days. Bacteria showing excellent
growth and/or clear zone formed were directly identified
and isolated.
67
2. Dye releasing ability from cellulose-azure
This method was originally designed for the
rapid test for directly detecting fungal cellulose
production (Smith, 1977). Modified Pettersson medium
containing 0.75% Bacto-agar (Difco) was added to
provide a semi-solid support for the ease of observation
when dye released. Two ml of the agar medium was
pipetted into each test tube before autoclaving.
After solidification of the sterilized agar medium,
0.5 ml of sterilized modified Pettersson medium each
containing 1% of cellulose azure (Sigma Co.) as sole
carbon source,was dispensed on top of the solidified
agar stab. A loopful of bacterial cells from an
overnight culture prepare as previously described was
inoculated to the liquid layer. Culture was then
raturesat 30° C or at 50°C,fromincubated at.tampe,
which the particular bacterium was isolated and
cultivated. The blue dye (azure) thus released from
the cellulose-azure by cellulolytic activity from the
cultured bacteria diffused into the bottom agar stab
indicating the utilization of cellulose. The relative
intensity of blue colour appeared in the stab agar
apparently indicated a semi-quantitative information
on the relative cellulolytic ability of different
bacterial isolates. A control tube'with no bacteria
was used for comparison purpose.
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3. Growth of bacterial isolated in medium containing
0.5% carboxymethylcellulose as sole carbon source
Five milliliter of sterilized modified
Pettersson medium containing 0.5% carbohydrate
(carboxymethylcellulose, CMC, Sigma Co., D.S.= 0.65
to 0.85, medium viscosity) was dispensed into
sterilized screw-cap test tubes. A loopful of
bacterial cells prepared as in the previous experiment
was inoculated to each tube. The tubes were incubated
either at 30° or 50° C dependi n9 on the original
isolation temperature of the particular bacterial
isolate. Growth of the cells after 2 to 7 days of
incubation was monitored witha Klett Summerson photo-
electric colourimeter Model 800 (Klett Summerson
Manufacturing Co. ,Inc., N.Y., U.S.A.) fitted with a
No. 66 filter.
Bacterial cultures showing good growth in CMC
culture medium, superior cellulolytic activities on
o-cellulose plates and strong dy-e-releasing ability
from cellulose azure were subcultured into fresh
glucose yeast extract enriched Nutrient Broth. The
24 hour culture of these selected bacterial isolates
were further tested on their extracellular cellulase
production.
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Determination of the activity of the cellulase system
enzymes of the bacterial isolates
Cellulas.e is a collective name for a group _of enzymes
act together in hydrolysis of cellulose to rellodextrins,
cellobiose and glucose. The system includes exo-B1,4-glucanase
(cellobiohydrolase, EC. 3.2.1.91), endo-B3 1,4-glucanase
(carboxymethylcellulase, EC. 3.2.1.4), cellobiase
(B-glucosidase, EC. 3.2.1.21) and avicelase (cellulase or
filter paper cellulase).
Unless otherwise stated, all enzyme activity tests and
protein tests were done in triplicates.
Assay of avicelase (C1)
Avicelase is defined as the enzyme responsible for
the swelling, disintegration, fragmentation and hydrolysis
of insoluble cellulose yielding reducing sugar as final
products (Reese, 1975; Mandels, 1982). One ml of enzyme
solution was added to one ml of 1% avicel (Sigmacelltype
20, Sigma Co.) in 0.05M phosphate buffer (pH 6.5) with 0.03%
sodium azide and was incubated at 50°C for 48 hours in an
incubator shaker operated at 180 rpm. Enzyme activity was
terminated by adding 2 ml of dinitrosalicyclic acid reagent
(Miller et al., 1959) and the colour developed in a boiling
water bath for 10 minutes. After cooling, the absorbance
of the solution mixture with colour developed was measured
at a wavelength of 575 nm with a Beckman model DB double
beam Spectrophotometer. A standard calibration curve was
constructed with various concentrations of D-glucose (BDH
Chemicals Ltd-)• One unit of enzyme activity was defined
as the amount of enzyme which released 1 jag of reducing
sugar as D-Glucose equivalent per hour assayed under the
conditions stated. Specific activity of enzyme was defined
as the amount of enzyme units present in one mg of protein.
Assay of carboxymethylcellulase (Cx, Endo-|? 1 ,4-glucanase;
EC.3.2.1.4)
This enzyme cleaves the -1 ,4-glucosidic bonds of
CMC (Sigma Co., D.S.= 0.65- 0.85) randomly at sites
between glucose units that have not been carboxymethylated.
Reducing end of glucose units were released and thus used
for the assay of this enzyme.
One ml of enzyme solution was added to 1 ml of 1% CMC
dissolved in 0.05M potassium phosphate buffer (pH6.5) withf
0.03% sodium azide. Enzyme reaction was proceeded at 50°C
in an incubator shaker. operated at 180 rpm for one hour.
Enzyme activity was terminated by adding 2 ml of dinitro-
salicyclic acid reagent ,DNS reagent (Miller et_ al., 1959)
together with 100ug of D-glucose added in order to compensate
for the lost in sensitivity of assay method due to oxidation
of the reducing groups by the reagent constituents. Assay
with the addition of 1 OOig D-glucose will lead to non-linearity
relation between absorbance and low reducing sugar content.
Colour developed by keeping the reaction mixture in aA
boiling water bath for 10 minutes.. Absorbance
of the solution was measured at 575 nm with a Beckman DB
double beam Spectrophotometer. Standard calibration curve
was constructed with various concentrations of D-glucose
assayed under the same conditions. One unit of enzyme
was defined as the amount of enzyme that can release 1 jig
of reducing sugar (as D-glucose) per hour assayed in the
experimental conditions. Specific,activity of the enzyme
was defined as the number of enzyme units per mg protein.
Assay for ff-glucosidase (cellobiase, EC. 3.2.1.21)
Both the extracellular and intra-cellular -glucosidases
i
were assayed. The cell-free supernatant of bacterial culture
for the enzyme assay was prepared by centrifugation (Sorvall
SCB II, Ivan Sorval Inc., Norwalk, Conn., U. S. A..) at 5,000 xg
for 20 minutes at 0 -4°C to remove the bacterial cells.
This supernatant was used for enzyme assay and ,treated as
the extracellular (3-glucosidase activity. The detection
of (3-glucosidase activity was proceeded with the p-nitro-
phenol-jS-D-glucoside, a substrate analogue, carrying the
p-nitro-phenol chromophore as the readily detectable product
after enzyme digestion. A solution of 2.0ml 33mM potassium
phosphate buffer (pH 6.5) containing 0.5mM p-nitro-phenol--
D-glucoside (Sigma Co.) in a test tube was preincubated in
a water bath at 50°C for 10 minutes. One ml of enzyme
solution was then added and the mixture was further incubated
for another 30 minutes. The reaction was terminated by
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adding 2 ml of 1 M ice-cold Na2CO3 solution into the tube.
The increase in absorbance of the mixture at 410 nm was
measured with a Beckman DB double beam spectrophotometer.
A standard calibration curve was constructed with various
concentrations of p-nitrophenol. One unit of enzyme activity
was defined as 1 u mole of p-nitrophenol released by that
amount of enzyme per unit hour. Specific activity of the
enzyme was defined as the amount of enzyme units per mg of
protein.
Protein determinations
Cell protein of bacterial culture was determined by
the method of Lowry et al. (1951). Aliquots of 0.5 ml of
appropiately diluted (A620= 0.2) bacteria suspension were
pretreated with 0.5 ml of 1 N NaOH solution in a boiling
water bath for 10 minutes 'to solubilize the cell proteins.
Then 2.5 ml of 0.5% CuSO 4.5H20 and 1% potassium sodium
tartrate in 5% Na2CO3 solution was added with thorough
mixing after the mixture was cooled to room temperature.
The mixture was then incubated again. at 25°C for 15 minutes
and 0.5 ml of 1 N Folin-Ciocalteu reagent (Sigma Co,) was
subsequently added and mixed by rapid vigorous shaking.
Colour developed in the mixture after further incubation
for 30 minutes at 25°C was' measured with a Beckman
Spectrophotometer DB at a wavelength of 750nm. A standard
calibration curve was constructed with bovine serum albumin
(Sigma Co.) at various concentrations. Protein concentration
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was expressed as ,ug of protein (as bovine serum albumin,
BSA, equivalent) per ml of cell suspension or culture
supernatant (.soluble extracellul,a.r protein) under the
defined conditions. Soluble proteins in the culture
supernatant was determined in the same way as for the cell
protein.
Identification and characterization of the bacterial
strain T14
The morphological, cultural, biochemical and physio-
logical characteristics of strain T-14, which after the
screening experiments arid.: found to be the candidate with
high cellulolytic activity, were determined with the
routine and standard methods for bacterial identification
(Baker, 1 967 Krieg, 1981). The results obtained were
compared with known bacterial sttains (Buchanan and Gibbons,
1974). Tests involved in the identification steps were
listed as- shown in results section (Table 17).
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A study on the production of cellulase (Cx) by bacterial
strains isolated
All experiments carried out to study the production of
cellulase (Cx) were done in duplicates.
Preparation of bacterial inocula
Working cultures used as inocula were prepared from
overnight cultures grown in modified TDLM containing 0.2%
D(+) raff ino se as sole carbon source. at 50°C (the pH value
used initially as 6.5, but changed to 6.0 after knowing
that this is the optimum pH for Cx production as well as
bacterial growth). Cells were harvested by centrifugation
(Sorval SCB II) at 5,000 xg for 20 minutes at 0- 4°C.
After three washes with 0.05M sterilized potassium phosphate
buffer (pH 6.5), the cells were resuspended in the same
buffer to obtain a. cell suspension with A680 equals to
0.4 to 0.5. A ratio of 1: 100 (V/V) of the bacterial
inocula to the test medium was usually used.
Effects of 'carbohydrates on bacterial growth and Cx production
A series of flasks with modified TDLM (pH 6.5) each
containing a single carbohydrate at 0.2% as sole carbon source
was set up. The initial cell density after inoculation was
adjusted to approximately 25 units measured with a Klett
Summerson Photoelectric Colorimeter (Model 8003, Arthur H.
Thomas Co., Phil.,Penn. ,U.S.A.) fitted with a No. 66 filter.
All cultures were incubated at 50°C with shaking (180 rpm).
Growth of the culture was monitored by readings on Klett
Summerson Photoelectric Colorimeter. Cultures age of 20
hours were subjected to centrifugation (Sorvall SCB II)
5,000 xg for 20 minutes at 0- 4 °C, and Cx activity,
levels of cell protein and soluble protein were determined.
A list of carbohydrates tested was listed in Table 7.
Table 7. List of carbohydrates used in testing their effect
on bacterial growth and Cx production
Monosaccharides:
L(+) arabinose( Sigma Co.)
D(+) fructose (BDH Chem. Ltd.)
D(+) galactose (Sigma Co.)
D(+) glucose (BDH Chem. Ltd.)
D(+) mannose (Sigma Co.)
o-methyl- D -mannoside (Sigma Co.)
L- rhamnose (Baltimore Biol. Lab., Maryland,USA)




o- lactose (Sigma Co.)
Maltose (Sigma Co.)
o-D(+) Melibiose (Sigma Co.)
Sucrose (Sigma Co.)
D(+) trehalose.20 (BDH Chem. Ltd.)
Trisaccharides
D(+) raffinose.5H2Q (Sigma Co.)
D(+) melezitose(Sigma Co.)
Polysaccharides
Carboxymethylcellulose (CMC, Sigma Co., D.S.=0.65-0.85)
Glycogen (E. Merck)
Sigmacell 20 (Sigma Co.)
Sigmacell 100 (Sigma Co.)
Starch (M B)
Whatman No.1 filter paper
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Mutaaenesis of strain T-14 by N-methyl-N'-nitro-N-nitroso-
guanidine treatment
N-methyl-N' -nitro-N-nitrosoguanidine (NTG) is widely
used as a chemical mutagen by bacterial genetists, and is
one of the most potent chemical mutagens yet discovered.
Over 50% survival of NTG-treated cells is usually obtained
with high yield of mutants (Aldelberg et al., 1965).
Bacterial cells in mid-log phase of growth grown in
a modified TDLM (Rowe et al., 1975) with 0.2% raffinose as
sole carbon source were harvested by centrifugation (Sorvall
SCB II) at 5,000 xg for 20 minutes. After two washes with
sterilized 0.05M Tris-maleate buffer (pH6.0), the cells were
resuspended in 10 ml of the same buffer to achieve a
bacterial titer of 5 x 108 cells/ml. Then 2 ml of the
bacterial suspension was dispensed into sterile screw-cap
tubes containing millipore filter sterilized NTG (Aldrich
Chem. Co. Ltd.). solution to give a final NTG concentration
of 100 ug/ml. All tubes were incubated at 25°C for 30
minutes and then 1 ml of the treated cells was taken out,
.harvested by centrifugation. After 2 washes with 5 ml of
cold sterilized Tris-maleate buffer (pH 6.0), the cell
pellet was resuspended in 2 ml Nutrient Broth for 2 to 3
hours incubation. Then the cell suspension was diluted
with 0.05M of the same buffer and plated onto a selective
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medium (modified TDLM containing 1% o-cellulose, and 1,5%
Bacto-agar was overlaid onto presolidified TDLM bottom agar
Colonies showing excellent growth and clear zone formation
around the colonies,after incubation at 50cC for 7 days,
were isolated and subcultured in modified TDLM containing
0.2% raffinose as sole carbon source. The cultures were
grown at 500C fo.r 20 hours with shaking (180 rpm). Cx
production of the mutants was determined as previously
described. A parallel experiment with the treatment-free
T14 culture was run as control. The levels of enzyme
produced by these mutants were compared with those of the
control culture.
Effects of initial pH of the culture medium on bacterial
rnwlh a_nd (',xroduction
A series of flasks each containing 50 ml, of modified
TDLM with initial pH values adjusted to 4.5, 5.0, 5.5, 6.0,
6.5 7.0, 7.5, and 7.9, was set up. The TDLM contained
0.2% raffinose as sole carbon source. Bacterial inocula
were prepared as previously described. After inoculation,
all flasks were incubated at 500C in an incubator shaker
operating at 180 rpm. Growth of the cultures was monitored
by the increase in absorbance with a Klett Summerson
Photoelectric Colorimeter fitted with a No. 66 filter.
Production of the Cx at different growth period and of
culture at different pH was assayed at 2 hours intervals.
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Effects of D(+) raffinose concentrations on bacterial
growth and Cx production
A series of flasks each containing 50 ml of modified
TDLM at pH 6.0 was prepared. The final concentrations of
D(+) raffinose in the media were adjusted to 0%, 0.05/, 0.1%,
0.2%, and 0.5%. All bacterial cultures were harvested
after 20 hours of incubation at 50°C with shaking (180 rpm).
Growth of cells was monitored with the Klett Summerson
Photoelectric Colorimeter fitted with a No.66 filter and
the Cx production after 20 hours cultivation was assayed.
Effects of temperature on bacterial growth and Cx production
A series of flasks each contannf% 50 ml sterile
modified TDLM (pH 6.0) was set up. The modified TDLM
contained the D(+) raff ino se at a concentration of-0.2%
as the sole carbon source. Bacterial inocula were prepared
as previously described. The growth temperatures.-=used--in
the test were 25°0, 35°C, 45°C, 50°C, 52°C, 5500 and 60°C.
Cell growth and Cx production were determined after 20 hours
of cultivation.
Change of Cx levels during cultivation
Five hundred ml of modified TDLM (pH 6.0) containing
0.2% of raffinose as sole carbon source was inoculated with
bacterial inocula..prepared as previously described. The
culture was incubated at 500C in an incubator shaker operated
79
at 180 rpm. Then 20 ml of sample aliquots were removed
from the culture at 2-hour intervals until growth became
stationary. Bacterial growth and Cx production were
determined with the samples by method used previously.
Effects of various cations on bacterial growth and Cx
production.
The effects of cations at various concentrations
(Table 8) on bacterial growth and cellulase production were
investigated. A series of tubes each containing 10 ml of
modified TDLM (pH 6.0) with 0.29 D(+) raffinose as sole
carbon source an ontainirnl a .single cation as listed on
Table 8 was set up. The culture with cations in the same
concentrations as in the modified TDLM was used as control.
Cell growth and Cx production after 20 hours of incubation
at 500C with shaking (180 rpm) were determined with methods
described previously.
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Table 8. List of cations and cation concentrations used






















Effects of various complex organic compounds on bacterial
growth and Cx production
The effects of various complex organic compounds
(Table 9) on bacterial growth and cellulase production
were investigated. A series of tubes of modified TDLM
(pH 6.0).was set up esch containing 0.2% D(+) raffinose as
sole carbon source and a single organic compound listed in
Table 9. After inoculation the .:.cultures were incubated at
500C with shaking. Bacterial growth and Cx production on
the 20 hour grown cultures were determined with methods
described previously. The culture grown in modified TDLM
was treated as the control.
Table 9. List of complex organic compounds used to
investigate their effects on bacterial growth
and Cx production
concentration (mg/ml)complex organic compound
0.1 0.5 1.0, 5.0Beef extract (Oxoid, Lab. Lemco)
0.1 9 0.5, 1.09 5.0
Casamino acid (Difco)
0.1, 0.5, 1.0, 5.0
Malt extract (Difco)
0.1, 0.5, 1 .0, 5.0
Proteose peptone (Difco)
0.1, 0.5, 1.0, 5.0
Phytone (BBL)
0.19 0.5, 1 .0, 5.0
Tryptone (Difco)
0.19 0.5, 1 .0, 5.0Yeast extract (E. Merck)
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Induction of Cx production
Preliminary experiments indicated that culture grown
in modified TDLM containing 0.2% of -methyl-D-mannoside
as sole carbon source showed moderate growth and low level
of Cx production. This culture was used as the control for
this experiment. Overnight culture (30 ml) of bacteria
grown in modified TDLM (pH 6.0) with 0.3% -methyl-D-mannoside
was transferred to 570 ml of fresh modified TDLM (pH 6.0)
containing 0.3% of -methyl-D-mannoside as sole carbon
source. The culture was incubated at 50°C with shaking
(180 rpm). Growth and Cx production were determined at
3 hour intervals by methods described previously. After
9 hours of incubation, aliquots of 49.25 ml of this culture
were transferred asceptically into flask containing 0.75 ml
millipore filter sterilized sugar solution to make the
final concentration of the added sugar at 0.396. The sugars
used in this experiment were D(+) cellob io se, and. D(+)
raffinose pentahydrate, which were purchased from Sigma
Chemical Co., St. Louis, MO.,U.S.A. All cultures were
incubated at 50°C and shaking with previous condition.
Samples of 5 ml of each cultures were removed at 2 hour
intervals for a period of 10 hours. Cell growth, protein
content and Cx production were determined from sample
aliquots by methods described previously.
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Catabolite repression on Cx production
Earlier experimental results showed that D(+) raffinose
pentahydrate was the most effective substrate for both
the bacterial growth and Cx production. The possible
catabolite repression effect by glucose was investigated
in this experiment.
A 5.0 ml log phase culture, grown overnight in
modified TDLM (pH 6.0) with 0.2% raffinose as sole carbon
source, was added to 95.0 ml of fresh TDLM (pH 6.0)
containing 0.2% raffinose. The culture was incubated at
500C in an incubator shaker. Growth and Cx production of
the culture were determined at 3 hour intervals.. After
sampling at the 9th hour, aliquots of 49.25 ml-of this
culture was transferred aseptically into flasks each
containing 0.75m1 of millipore filter sterilized D(+)
glucose solution to obtain,. a final concentration of the
sugar at 0.2%. Culture grown with D(+) raffinose as sole
carbon source was used as control. All cultures were kept
on incubating at the same conditions as before. Growth
and cellulase (Cx) production were determined from samples
collected at 2 hour intervals.
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Purification and Characterization of Cx (carboxymethylcellulose)
Unless otherwise stated, all procedures of purification
were done at'4°C. All enzyme assays were carried out in
triplicates.
Purification of crude enzyme extract
Cell culture from a 20 hours' grown culture in
modified TDLM (pH 6.0) containing0.2% of D(+)raffinose as
sole carbon and energy source was harvested by centrifugation
(Sorvall SCB II) at 5,000 xg for 30 minutes. The supernatant
was frozen. by liquid nitrogen and was subjected to
lyophilization. The lyophilized crude enzyme was stored
in desiccator at- 20°C.
Affinity-sorption column 'chromatography
1. preparation of avicel column
a slurry of 200 ml sigmacel type 20 (Sigma Co.)
suspension was prepared in 500ml 50mM citric acid
phosphate buffer (pH5.0) containing 0.03% sodium
azide with gentle stirring ove-rn.ight. After settling
of the slurry, the aqueous phase was removed and fresh
buffer was added with repeated gentle stirring for
8 hours. The slurry was then kept at room temperature
overnight for equilibration. Then the aqueous
suspension-- was again removed and fresh buffer added.
The completely swollen and equilibrated microcrystalline
cellulose was then poured into a clean glass column
(0 18 x 800mm) and the rate of packing was controlled
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at approximately 9 to 12 cm per hour. After the
settling of the cellulose in the column, it was
ensure column and pH stability. The stable and
Pa,iilibrated column was ready for use.
2. Enzyme purification and fraction collection
Aliquots of 2 to 3 ml crude enzyme containing
250mg of lyophilized crude enzyme were applied to
the equilibrated avicel column with bed height
670mm. The enzymes were eluted with 50mM citric acid
phosphate buffer (pH 5.0) at a flow rate of 4.0 ml
per hour. Fractions of-4.Oml/hr were collected with
an ISCO Model 1850 fraction collector operated with
time mode function. After collecting 60 fractions,
the protein content of each fraction was determined
by measuring the absorbance at 280 nm with a Beckman
DB double beam spectrophotometer. Little or no
protein was eluted after fraction 50. All fractions
were then-.assayed for cellulase' activity. Those
fractions with high Cx activity were pooled and
dialysed against distilled .water overnight. Dialysed
enzyme solution was lyophilized and stored at- 20°C
for further purification.
Purification of Cx by molecular seiving column
1. SePhadex G-75-120 slurry was prepared in 150 ml
gOmM citric acid phosphate buffer (pH 5.0) containing
pre-run-with the same buffer (4 to 6 *rnl/hr) to
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0.03% sodium azide with gentle stirring overnight
at 25°C. Two changes of fresh buffer to equilibrate-
the sephadex was carried out. Well swollen sephadex
slurry was packed into a column ( 1.0 x 50 cm) and
was equilibrated with the same buffer. A pre-run
with Blue Dextran 200,000 (Sigma Co.) was done as
to check the uniformity of packed gel and the
flow rate,
2. purification of Cx from avicel column pooled fractions
Two ml of the avicel column partially purified
Cx fraction container 4mg of Blue Dextran was applied
to the Sephadex G 75 column. Elution was performed
with 50 mM citric acid phosphate buffer at a rate
of 4.0 ml/hour. Fractions of 1.5 ml were collected
with the ISCO Model 1850 fraction collector operated
with the time mode, After 15 hours of elution
(40 fractions), fractions collected were measured
for protein content and Cx activity. Fractions
containing high Cx activity were polled and dialysed
against distilled water water overnight. Dialysed
Cx was lyophilized and stored at- 20°C. Purity
of enzyme in the pooled fractions was determined
by the polyacrylamide gel electrophoresis method.
The elution volumes of Blue Dextran was treated as
the void volume of the gel column. The retention
coefficient was calculated from the ratio of the
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elution volume to that of the void volume. The
molecular weight of the native Cx was determined
from the calibration plot of log molecular weight
of standard molecular weight proteins against
their corresponding retention coefficients.
3. Molecular weight determination by Sephadex G 75 column
Two ml of protein standards mixture containieq
50 dug each of Haemoglobin (BDH Chem. Co., M.W.
64,500), o-amylase (Sigma Co., M.W. 48,500),
subtilisin (Sigma Co., 26,700), and lysozyme (E.
Merck, M.W. 14,300) was applied to the Sephadex G 75
column. Elution was carried out at the same
conditions as for the elution of Cx. Eluted protein
standards peak positions were measured. Void volume
was determined by the elution volume of Blue Dextran.
Plot of log molecular weight against the corresponding
retention volumes coefficients (elution volume/
void volume) was obtained. The corresponding
molecular weight of Cx was indicated -by their
retention coefficients.
Polyacrylamide gel electrophoresis
1. Preparation of polyacrylamide gel
Reagents: Acrylamide and bisacrylamide, sodium dodecyl
sulfate (SDS), TEMED, ammonium persulfate,
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and Coomassie Blue-R 250 were purchased from Bio-Rad
Lab. Ltd., 2-.mercaptoethanol and Tris-base were
purchased from Sigma Co., aid Glycine from BDH Chem.
Ltd.
Stock solutions:
1. acrylamide:bisacrylamide (30:0.8) was prepared
with distilled water and filtered through Whatman
No.1 filter paper before stored at 4°C in dark
bottle.
2. TEMED was stored at 4°C.
3. riboflavin solution (0.004% w/v) was filtered.
and stored at 4°C in dark bottle.
4. SDS solution (10% w/v) was filtered and stored
at room temperature.
5. reservoir buffers: 0.025M Tris buffer with 0.192
M glycine adjusted to pH 8.3:. and- was used for
non-dissociating electrophoresis and 0.1% of SDS
was added for the dissociating gel electrophoresis.
Slab gel preparation and electrophoresis
Glass plates(20x19 cm) were cleaned with
detergent and rinsed thoroughly with distilled water
and dried. The plastic spacers (1.5 mm thick) were
then tightly clamped. The edges of the glass plates
were sealed with 1.5% molten agar to prevent leakage.
1. Non-dissociating (non-denaturating) DISC-
polyacrylamide gel (7-5916 acrylamide) was prepared
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as follows: separating gel slab (13.5 x 18 cm)
was prepared with 40 ml of mixture containing
10 ml acrylamide:bisacrylamide (30:0.8), 5 ml
1 .5MTris-HC1 buffer (pH 8.9),22.5 mg ammonium
persulfate, and 25 ml sterilized distilled water
after well mixing and degassed for one minute.
After the addition of 0.015 ml of TEMED the
solution was mixed rapidly but gently by swirling
action. Without delay, the mixture was gently
poured into the space between the two glass plates
until a height of 14 cm was reached. The gel
solution was overlayed gently with 2 to 3 mm height
of the buffer to exclude oxygen which might
inhibit polymerization, and to ensure a flat gel
surface meniscus. The gel solution was left
undisturbed until polymerization was completed
at room temperature.
Stacking gel mixture contained 1.25 ml
acrylamide:bisacrylamide (30:0.8), 2.5 ml Tris-HC1
buffer (pH 6.8), 1.25 ml 0.04% riboflavin and 5 ml
sterilized distilled water was prepared with well
mixing and degassed for one minute. Then 0.015 ml
TEMED was added and mixed by rapid but gentle
swirling. The gel mixture was gently overlayed
onto the separating gel which was previously
rinsed with 0.5 M Tris-HC1 buffer (pH 6.8).
A comb with well size of 15 x. 5 1.5 mm was
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introduced into the stacking solution immediately
and care-was taken not to introduce any air
bubbles. Again, 2 to 3 mm height of the same
buffer was overlayed. After polymerization
at room temperature, comb was removed gently and
the gel surface was rinsed and flooded with the
reservoir buffer. The gel with the lower spacer
removed was mounted onto the electrophoresis
apparatus (Fie. 23) and reservoirs were filled
with reservoir buffer.
Sample preparation: Dialysed protein samples
and known molecular weight protein standards
were dissolved separately in 0.1 M Tris-HC1 buffer
(pH 6.8) containing 10% glycerol and 0.002%
bromophenol blue as tracking dye. Aliquots of
20 ul of each sample( 1-10 ug for purified and
100ug for complex proteins), after centrifugation
to precipitate the insoluble materials, were loaded
into each well.
After all samples were loaded and checked,
the electrophoresis apparatus was connected to the
power supply with anode(+) connected to the lower
reservoir electrode and the cathode(-) to the
upper reservoir electrode. Then a constant
current supply of 10 to 15 mA was supplied.
Electrophoresis was carried out at 25 o C.
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Fig. 23 A photograph of the electrophoresi$ apparatus
used in the present experiment together with the notch
glass plate assembly and the power supply.
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2. Dissociating DISC-polyacrylamide gel (10%) was
prepared (Laemmli, 1970) in the same way as in
the preparation for the non-dissociating gel slab,
except that a final concentration of 0.1% SDS was
added into the separating gel,..stacking gel and
the reservoir buffer. Protein samples were treated
with 2% SDS and 5% 2-mercaptoethanol followed by
enhanced dissociation of protein in boiling water
bath for 5 minutes. After centrifugation
(10,000 xg for 5 minutes), 20 pl of each sample,
containing 10)lg of protein for pure protein sample
and 100 pg protein for protein complex,was loaded
into each well.
After all samples were loaded and checked,
the electrophoresis apparatus was connected
to the power supply with anode(+) connected to
the lower reservoir electrode and cathode(-) to
the upper reservoir electrode. Then a constant
current supply of 25 to 30--mA was supplied.
Electrophoresis was proceeded at 25°C.
Visualization of protein bands
Electrophoresis was stopped by disconnecting
the power supply when the tracking dye front was
about 0.5 cm from the lower edge of the separating
gel. The gel slab was removed from the glass plate
under water and soaked in 12.5% trichloroacetic acid
93
(TCA) for 15 minutes to fix the protein bands.
Excess TCA was removed by rinsing the gel with
distilled water. Then the gel was stained with
0.25% Coomassie blue R 250 in methanol:water:glacial
acetic acid mixture (5:5:2) for 2 hours at 400C
with gentle shaking. Destaining was carried out
with a water:methanol:glacial acetic mixture
(42.5:50:7.5).
Characterization of Cx from strains Au-1
Substrate specificity of purified Cx from strain Au-1
The substrate specificity of purified Cx from strain
Au-1 was investigated with a method modified from Shepherd
et al. (1981). The amounts of enzyme and substrates used
and the reaction time for individual substrate were listed
in Table 10. Each substrate was preincubated with.0.9 ml
of 0.05 M citric acid/Na2HPO4 buffer (pH 6.0) at 500C for
10 minutes, and then 0.1 ml of enzyme solution was added
into each tube. After incubation, reaction was terminated
by adding 2 ml of dinitrosalicyclic acid reagent (Miller
et al., 1959). for reducing sugar assay or 2.0 ml of ice-
cold Na2CO3 (1 M) for p-nitrophenol released assay. In
assay for the azure dye releasing test, 2 ml of 1 N NaOH
was added and the mixture was centrifuged before measuring
the increase in absorbance at 590 nm. Activity was
converted by taking A590= 1.0 as 20% solubilization of
cellulose azure or 1.6 u mole of reducing groups released
into the reaction mixture (McCleary, 1980 Canevascini
Table 10. List of substrates used in determining substrate
















































D(+) raffinose is a trisaccharide of the molecular
formula D-Gal- 1,6)-D-Glu- 1,2)-Fru. (Gal=
galactose, Glu= glucose and Fru= fructose).
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Assay for the sugar products of purified Cx digests on
various substrates
Aliquots of 0.1 ml of enzyme digests of various
carbohydrate substrates (Sigmacel 20, o-cellulose,
Whatman No.1 filter paper, Ashless floc, CMC, D(+)raffinose,
and Laminarin) were added into 1 ml of ice-cold mixture
of ethanol:acetone (1:1) to precipitate the enzyme protein.
The supernatant was obtained after centrifugation at
10,000 xg for 5 minutes. The residual ethanol and acetone
in the supernatant were removed by vacuum suction.
Remaining aqueous portion was lyophilized and redissolved
in 20 p1 of distilled water. The sugars(soluble) were
assayed with ascending thin-layer chromatography method
on a s.ilca gel plate (E. Merck). The solvent system
consisted of ethylacetate:methanol:glacial acetic acid:
water (12:3:3:2). The sugars were visualized by spraying
the plate with 4-aminobenzoic acid reagent (4-amino-
benzoic acid 2 gm phosphoric acid, 88% w/v., 1.64 ml
glacial acetic acid 36 ml and water 40 ml) evenly and
then dried at 120°C for 15 minutes. Reference sugars used
were D(+) glucose (BDH), D(+) cellobiose (Sigma Co.). and
D(+) raffinose. 5H2O (Sigma Co.).
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Effect of pH on Cx activity
The effect of pH on the enzymic hydrolysis of CMC
was measured with as assay system containing 0.25 ml of
CMC (Sigma Co., D.S.=0.65-0.85 20 mg/ml) dissolved in
distilled water, 0.25 ml of buffer at desired pH, 0.4 ml
distilled water and 0.1 ml enzyme solution. The buffers
used were 0.1 M citric acid/ 0.2M Na2HPO4 buffer (pH
3.0, 3,5, 4,0, 4,5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0)
and 0.2M glycine0.2N NaOH (pH 8.0, 8.5, 9.0, 9.5, and..
10.0) buffer. After incubating the mixture at 50°C for
one hour, reaction was terminated by adding 2 ml of
dinitrosalicyclic acid reagent.(Miller et al.,1959) and
color developed by keeping in boiling water bath for 15
minutes. Reducing sugar released was determined by
comparing the absorbance of the mixtures to those of the
standard calibration curve constructed with various
concentrations of D-glucose.
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Stability of Cx at variousH values
The stability of Cx at different pH values was
determined with the method modified from Hurst et al.
(1977). A series of test tubes with 0.1 ml of each pH
buffer and 0.1 ml of enzyme solution jqa- incubated at
250C (a temperature chosen as to find the possibility of
handling the enzyme,Cx, at room temperature in buffer of
different pH values) for 24 hours. Aliquots of 0.8 ml
of 0.1 M citric acid/ 0.2M Na2HP04 buffer (pH 5,5)
containing 5-mg CMC were distributed into each tube to
assay for the residual Cx activity. The buffers used
were: 0.05 M citric acid/0.1 M Na2HPO4 (pH 3.0, 3.5, 4.0,
4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0), and 0.1 M
glycine/0.1 N-NaOH (pH 8.0, 8.5, 9.0, 9.5 and 10.0).
Effect of temperature on Cx activity
A series of tubes each containing 0.9 ml of 0.05 M
citric acid/ 0.1 M Na2HPO4 buffer (pH 5.5) with 5 mg CMC
was preincubated at 20°C, 30°C, 40°C, 50°(`,55°C, 60°C,
70°C and 80°C for. 10 minutes. Aliquots of 0.1 ml of enzymE
solution were then added to each tube and the tubes were
further incubated in the same conditions for one hour.
The reducing sugar released from CMC was assayed with
dinitrosalicyclic acid reagent method (Miller et al.,
1959).
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Effect of temperature on the stability of Cx
1. Stability of Cx at various temperature was studied with
a method-modified from that of Suzuki et al. (1976).
Aliquots of 0.1 ml of enzyme solution in 0.1 ml of
0.1 M citric acid/ 0.2 M Na2HPO4 buffer (pH 5.5) were
incubated at 20°C, 30°C, 40°C, 50°C, 60°C, 70°C and
80°C respectively for 30 minutes. After incubation,
the tubes were cooled in ice bath and the residual Cx
activity was determined with 0.8 ml of 0.1M citric
acid/ 0.2 M Na2HP04 buffer (pH 5.5) contained 5 mg CMC.
2. Heat inactivation study of Ox was carried out by
incubating 1 ml of Cx solution with 1 ml of 0.1 M
citric acid/ 0.2M Na 2 HPO 4 buffer (pH 5.5) at 65°C from
0 to 120 minutes. Aliquots of 0.2 ml of this mixture
wereremoved at 0, 2.5, 5, 10, 20, 30, 60 and 120 minutes,
and cooled in ice bath. The residual Cx activity was
determined as previously described.
Kinetic study of purified Cx from strain Au-1
Various concentrations of CMC( Sigma Co., D.S.=
0.65- 0.85 1 mg/ml, 2.5mg/ml, 5mg/ml, 10mg/ml, 20mg/ml,
and 40mg/ml) in 0.1 M citric acid/ 0.2M Na2HP04 buffer
(pH 5.5) were set up in testtubes which were preincubated
at 6500 for 10 minutes. Equal amount of enzyme aliquots
was then added to each tube. The rate of hydrolysis of
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CMC was measured by the rate of liberation of reducing
sugar at 0, 2.5, 5, 10, 20, and 30 minutes by dinitro-
salicyclic acid reagent method (Miller et al., 1959).
The initial rates of CMC hydrolysis were calculated
from the plot of the amount of reducing sugar liberated
at various tested time intervals. The Km and Vmax values
for CMC hydrolysis were determined from the Lineweaver-
Burk plot (Lineweaver and Burk, 1934).
Effects of various cations on purified Cx from strain Au-1
Reaction mixtures each containing 0.05 ml of enzyme
solution, 0.45 ml of 0.05M citric acid 0.1M Na2HPO4 buffer
(pH 5.5) and a-single cation (Table 11) were set up.
These mixtures were incubated at 250C for 30 minutes.
Then 0.5 ml of substrate (5 mg CMC) in the same buffer
containing: the corresponding concentration of cation was
added to the respective mixtures. The amount of reducing
sugar liberated after one hour of incubation at 650C
was determined. A control containing reaction mixture
without added metal ions was set up for comparison purpose.
Deionized water was used in preparing all solutions in
this experiment.
Table 11. £ist of cations used in determining their






















































Effects of various reagents on purified Ox from atrain Au-1
The effects of various reducing agents, thiol group
binding agents, disulfide bonds cleaving agent, polylols,
tryptophanyl group binding agent, amines and some metallo—
enzyme inhibitors on the activity of purified Cx from strain
Au-1 were studied. Aliquots of 0.1 ml of enzyme solution
were added to individual reagents( listed on Table 12)
in 0.1M citric acid 0.2M'Na2HK4 buffer (pH 5.5). After
350 minutes of incubation at 25°C, 5 mg of CMC in 0.8 ml
of the same buffer containing the same concentration of
reagents as in the treated enzyme solution mixtures were
added respectively. The residual Cx activity was then
determined by method previously described (Miller et al..
1959)•
Table 12. List of various reagents used to study their








































Effects of various-sugars on the activity of purified Cx
from strain Au-1
Reaction mixtures each containing 5 mg CMC and
0.1 mg of individual sugars (D-glucose, D-glucuronic acid,
D-cellobiose, D-raffinose, -methyl-D-glucoside, and
D-galacturonic acid) dissolved in 0.9 ml of 0.05M citric
acid/0.1M Na 2 HPO 4 buffer (pH 5.5) was preincubated at 65°C
for 10 minutes. Then 0.1 ml of enzyme solution was added
to each tube. The Cx activity was determined by the
dinitrosalicyclic acid reagent method (Miller et al.,
1959). A series of reference tubes was set up each con-
taining identical amounts of CMC and tested sugars except
that 0.1 ml of distilled water was used to substitute*
for the enzyme solution. The net increase in reducing
sugar content found after enzymic reaction was considered




A. Cellul as a production
Isolation of bacteria from cotton waste compost
The changes in pH, relative humidity (RH), and the
bacterial density during different stages of composting
and straw mushroom cultivation were shown in Fig-3. The
pH values of the compost, batches C and Ca, throughout the
whole period of composting and straw mushroom cultivation
were maintained between pH 7.0 to 7.65. The highest pH
at 7.65 was obtained after pasteurization and before
Spawning (stage BS). However, the pH quickly dropped to
7.4 at later stages (Fig.3). The little fluctuation4of
the relative humidity indicated that.the moisture contents
of both compost batches (C and Ca) were well maintained,
(Fig.3).
Variations in the bacterial density (CFU-per gm dry
compost) seemed varied with the stages of cultivation and
the operation temperatures at different stages. The number
of mesophilic isolates which may also include part of the
thermophilic or thermo-tolerant species was approximately
10 folds higher than that of the thermophiles (Fig.3). A
general co)herant pattern of increase and decrease of the
numbers of both mesophilic and thermophilic isolates was
observed (Fig-3). A rapid decrease of the bacterial number
was evident after pasteurization (AP62 and AP50). The number
of thermophiles after pasteurization increased rapidly
again to a comparatively high value during the BS stage (pig. 3).
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3. Changes in the pH, relative humidity (RH) andFig:
bacterial concentration in two batches( C and Ca)
of cotton waste compost during'different stages of
composting and mushroom cultivation.
0 represents compost containing 95% cotton waste,
3% soda lime and % used tea leaves.
Ca represents compost containing 939 cotton waste
3% soda lime, 2% used tea leaves and 2% coal ash.
M represents bacteria isolated from 300C cultures
(mesophiles).
T represents bacteria isolated from 50010 cultures
(thermophiles or thermo-tolerant bacteria).

106
Subsequently, a gradual increase in batch C, or levelling
in batch Ca of the thermophile numbers was observed (Fig.3).
After pasteurization, the density of the mesophiles only
increased to a very low value at stage BS. The numbers
were subsequently built up gradually until stage APA which
accounted for about 60% of the mesophiles density originally
present in the raw materials for composting. Finally,
decreases in the numbers of both mesophiles and thermophiles
were observed at the harvesting stage of the straw mushroom
for both batches of compost (Fig.3).
Screening of cellulolytic bacteria isolated from cotton
waste composts
The screening methods used to detect.the cellulolytic
bacteria included the growth and hydrolyzing ability on
-cellulose overlayed with mineral agar, utilization of
carboxymethylcellulose (CMC) as sole carbon source, and the
ability to release a blue dye upon digestion of cellulose-
azure. A total number of 140 isolates (included 85
mesophilic isolates and 55 thermophilic isolates) were obtained
(Table 13 and 14). Only those thermophilic or thermo-tolerant
isolates showing all positive results for the three screening
tests were chosen for later studies on cellulase production.
The relative percentage of bacterial isolates showing
positive results on individual screening tests was shown on
(Table.15). It was apparent that the dye releasing ability
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Tabble 13
Cellulolytic mesophiles isolated by various methods
Screening MethodsIsolate



























































































* Isolates showing positive results on all three tests used
for screening celluloytic activity.
+ Growth present and/or positive reaction.
- No growth and/or negative reaction.
Table 14
Cellulolytic thermophilic Isolates by various screening methods

































































isolates selected for further experiments due to their
ability in cellulase production,
growth present and/or positive reaction.











55.7 72.9 17.1(all isolates)
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test from cellulose .azure was the least efficient but most
selective method since only 20% of the therrnophilic isolates,
15.1% of the mesophilic isolates and a 17.1% of the total
bacterial isolates showed positive test. result. The CMC
hydrolysis method selected about 72.9% of the total bacterial
isolates, while 55.7% of the isolates was found to exhibit.
growth on -cellulose overlaying agar plate test.
Cellulase production by the selected thermophilic cellulolytic
isolates
Bacterial isolates from the -thermophiles' batch showing
positive reactions in all the three screening tests were
chosen for this experiment. These thermophilic isolates
included the strains T-5, T-6, T-11, T-14, T489 T-22, T-29, S389
T.49 and T-53. The production of Cx (endo-1S1, 4-glucanase)
and avicelase by these strains were listed in Table 16.
Strain T-14 was found to have, highest (340 U/ml) Cx
activity and activity of avicelase (40.7 U/ml). Other
isolates produced comparatively lower amounts-of both cellulase
components ranging from...50.0 U/ml to 21.7.5 'U/ml for Cx
production and 4.9 U/ml to 40.9 U/ml for avicelase production.
Therefore strain T-14 was selected for further experiments
in the present study.
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Table 16
Cellulase production of selected thermophilic isolate.
Avicelase activityCx activity











* Strain T-14 showed the highest production of Cx and avicelase
1 U enzyme= l g D-gluose released per hour.
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Identification and characterization of strain T-14
The morphological, cultural, biochemical and the
physiological characteristics of strain T-14 was determined
with routine standard methods for identification of bacteria
(Table 17). Strain T-14 is a gram positive rod with central
or paracentral positioned endospore. It could tolerate NaCl
up to 5%. The pH range for growth of the cells was found
to be quite wide, from pH 5.0 to 7.5'(as later indicated by
the results of pH effect on growth and Cx production, Figs. 4
and 6). The temperature range for growth was from 20°C to
50°C. Later experiments on temperature effect on growth
showed that growth limit was .52°. Strain T-14 utilized
a large number of carbohydrates oxidatively only, except
that slight fermentation occurred in medium contained D(-)
fructose, D(+)glucose and sucrose. The characteristics of
strain T-14 were then compared with those of known and well
established species listed in the literatures (Buchanan and
Gibbons, 1974) and strain T-14 was identified as a thermo-
tolerant Bacillus subtilis.
Effects of carbohydrates on bacterial growth and Cx production
Various carbohydrates (0.2%) were used as sole carbon
and energy source for growth of strain T-14. Cell growth
expressed as absorbance at 680 nm, protein content (mg/ml),
production of Cx and avicelase were investigated after the
cultures reached stationary phase in cultures containing
Table 17
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C. Antibiotic susceptibility tests (zone diameter)


























with visible growth or positive reaction
without visible growth or negative reaction
scant growth or uncertainty
oxidative utilization of carbohydrates
oxidative and fermentative utilization of carbo¬
hydrates with alight acid production
various carbohydrate sources(Tables 18 and 19). Table 18
shows the absorbance of the cultures during early stationary
phase was reached. The shortest time for strain T—14 to
reached stationary phase was only 3 hours after inoculation
which occurred in cultures with galactose, melezitose, CMC,
and Whatman No. 1 filter paper as carbon and energy source.
A commonly observed phenomenon of these cultures was that
the absorbance of the cell suspension was relatively low
(0.08 to 0.16)compared with those of other cultures,
lactose was found to be a poor substrate for growth of T—14.
i
Other cultures reached their stationary phase at about 6
hours to 8 hours after inoculation. Cultures grown in medium
containing sigmacel type 20 and type 100 were difficult to
be analyzed by turbidity measurement due to the nature of
these two substrates. Cultures grown in medium containing
starch and glycogen reached stationary phase at the 12th
hour after inoculation. The time required for the culture
grown with D(+)raffinose to reach stationary phase was
relatively long (16 hours).
The contents of cell protein and cellulase production
were listed in Table 19. No determination was made with
lactose grown culture due to the limited growth of the
culture. Generally, high levels of Cx were detected at the
20th hour of cultivation in cultures grown with all
monosaccharides tested (from 261.5 Uml of the D(+)xylose
grown culture to the highest of 409-5 Ural in L-rhamnose
grown culture) except for the c£-methyl-D-mannoside grown
culture which produced only trace Cx. Avicelase production
was highest in cultures grown with L-rhamnose (9.1 Uml).
Lisaccharide -grown cultures showed a more diversified
production in levels of Gx. D(+) cellobiose (289-4 Uml),
maltose (283.1 Uml), and 3-gentibiose (334.7 Uml) were
most effective in producing Cx as well as avicelase
(Table 19). The cell protein in these cultures were also
relatively high.(0.2 mgml). Other disaccharides used for
growing strain T-14 produced relatively low Cx activity
(12.2 Uml to 77.7 Uml).
The trisaccharide, D(+)raffinose .5HpO, was found to
maintain a high level of cell protein as well as the
highest Cx (452.9 Uml) and avicelase (11.1 Uml). In
view of this, D(+)raffinose was used as the carbon and
energy source and the inducer for cellulase in all subsequent
experiments in the present study.
Cultures grown in medium containing polysaccharides
as carbon and energy source produced either limited growth
or low Cx activity except for the starch and glycogen grown
cultures. Starch and glycogen grown cultures produced
320.9 Uml and 315.1 Uml Cx respectively. Relatively
high levels of avicelase were also found in the starch
and glycogen grown cultures (16.6 Ural and 10.3 Uml
respectively).
Table 18




































































(whatman No.l) 0.08 3
glycogen 0.72 12
very limited growth of bacteria on these substrates(that
data not available)
cannot be determined(due to suspension of sigmacell always
varied accordingly)
The cultures were grown in Pettersson medium containing 0.27.
O
of individual carbohydrates, and were incubated at 50 C
Table 19
Effects of carbohydrates ori protein content and cellulase,

































































































very limited growth present, data not available.
1 TJ of enzyme= 1 ug D- glucose releasedper hour
Mutants of strain T—14 produced by N-methyl-NT-nitro-N-
nitrosoguanidine treatment
The effective and widely used chemical mutagen,
NTG, was used (I00mgml) to treat strain T—14 in order to
obtain cellulase hyperproduction mutants, A total number
of 29 mutants .were isolated after plating the treated T—14
cells on o6-cellulose overlaying mineral agar plates.
Cellulase produced by these 29 mutants was determined
(Table 20). The control.(T—14) culture was found to
produce 1.95 x 10Umg cell protein Cx. About 27% of
(8 out of 29) of the selected isolates produced Cx levels
higher than that of the control. Strain Au-1 was found to
produce the highest amount of Cx (6.41 x 10 Umg cell
protein) which was approximately 3.3 fold of that produced
by the control (T—14). This mutant strain (Au-1) was
named Bacillus subtilis Au-1 after the parent strain
Bacillus subtilis T-14,
Effect of initial pH of the culture medium on bacterial
growth and cellulase production
The effects of initial pH of the culture medium on
growth of strain T-14 (Fig.4) and Au-1 (Fig.5) were similar
that growth was not detected in cultures grown at pH 4.5;
a minimum of pH 5.0 was required for detectable growth of
both strains. The two cultures grown at pH 5.0 reached
Table 20
Production of Cx by the mutant strain's grown in Pettersson medium































































































































T-14 0.245 478 1.95
This mutant showed a Cx production about 3.3 times of the
control.
stationary phase of growth at the 4th hour of cultivation.
Cultures cultivated at initial pH of 5.5, 7.5 and
7.9 showed better growth than that grown at pH 5.0 (Figs.4
and 5). The turbidit;ies of these cultures at stationary
phase of growth ranged from 230 to 300 Klett Summerson Units
for strain T-14 (Fig.4) and 300 to 350 Klett Summerson Units
for strain Au-1 (Fig.5), which were about twice of those
grown at pH 5.0 (Figs.4 and 5). These cultures showed
rapid growth until the 4th hour of cultivation then the ;v
growth rate slowed down and only gradual increases of growth
were observed until about the 10th hour at which the
stationary phase of growth was reached (Figs.4 and 5).
Maximum growth of the two strains of bacteria were
obtained in culture with initial pH values of 6.0, 6.5,
and 7.0 (Figs.4 and 5). The time required for the cultures
reaching the stationary phase of growth was about 10 to
12 hours, then the cultures showed a gradually drop of
turbidity upon further cultivation (Figs.4 and 5). Cultures
of both strains T-14 and Au-1 in media with kn initial pH at
7.0 showed extremely rapid decline after maximum growth
Reached at 12th hour of cultivation.(Figs.4 and 5). On the
other hand, relatively stable turbidity was observed in
cultures grown at pH 6.0 and 6.5 for strain T-14 (Fig»4v).
.Strain Au seemed to grow better in medium with an initial
pH of 6.5 than that grown at pH 6.0 (Fig.5), while no
significanct difference was observed in cultures of strain
T—14 grown at pH 6.0 and pH 6.5 (Fig. 1)
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Fig.4. Effect of initial pH of culture medium (TDLM)
on growth of strain T 14. The culture was incubated
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Fig-5. Effect of initial pH of culture medium (TDLM)
on growth of strain Au-1. The culture was incubated





Production of Cx was totally inhibited in cultures
grown at initial pH of 5.0, 5.5, 7.5, and 7.9 for strain
T—14 (Pig.6) and pH 7.5 and 7.9 for strain Au-1 (Pig.7).
Since no growth was detected in cultures grown at pH 4.5
for bath strains, production of Cx was not detected in these
cultures (Pigs.6 and 7).
Strain 5-14 (Pig.6) and strain Au-1 (Pig. 7) grown in
culture medium with an initial pH of 6.0 showed maximum Cx
production. The production profile$of Cx corresponded
t
quite closely with the growth patterns(Figs.4 and«5)
of these bacterial strains. Maximum Cx production of these
4
two strains were found in cultures at the 9th hour of
incubation (Figs.6 and 7) which was 1 to 2 hours prior to
stationary phase of these cultures (Pigs.4 and 5). Strain
T—14 produced a maximum Cx level of 450.5 Uml (Pig.6)
and strain Au-1 produced a maximum Cx level of 749.5 Uml,
(Pig.7).
A commonly found phenomenon was that all Cx production
4
profiles of all cultures reached stationary phase by the
10th hour of cultivation (Pigs.6 and 7). However, the time
for the appearance of Cx activity in these cultures varied
(Pigs.6 and 7). For strain T—14 grown at pH 6.5, Cx activity
was detected at the second hour of incubation, while cultures
grown at pH 6.5 and 7.0 with Cx activities were detected
at 3.5th hour of incubation (Pig. 6). Strain Au-1 showed
a different pattern in the time of the appearance of Cx.
139
FiE.6. Effect of initial pH of culture medium (TDLM)
on Cx production of strain T-14. The culture was
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Fig.7. Effect of initial pH of culture medium (TDLM)
on Cx production of strain Au-1. The culture was
incubated at 500 C, and the carbon source was 0.2%
D(+) raffinose.
Age of culture (hour)
Table 21
Effect of initial pH of the culture medium on maximal growth
and cellulase production by strain T-14and AU-l.The cultures
were grown in TDLM and inculated at 50°C
Tu-phi d i hv nf atatinnarv
phase culture Cx production
(Klett Summerson Unit) ( .U ml)PH









































1 U= 1 iig D-Glu released per hour
In culture grown at pH 6,0, pattern in the time of appearance
of Cx was found after the first hour of incubation; while
cultures grown at 5.5, 6.5, and 7.0, Cx was produced at
the second hour of incubation; and culture grown at pH 5.0
produced detectable Cx at the 5th hour after inoculation
(Fig.7). Table 21 shows the amounts of Cx produced by
strains T—14 and Au-1 in cultures grown at various pH.
Effect of temperature on bacterial growth and Cx production
The optimal growth temperature for strain T-14 was found
different to that of strain Au-1 (Eigs.8A and 8B). Maximal
growth of strain T—14 and Au-1 grown in TDLM with 0.2%
D(+) raffinose at pH6.0 was obtained when the cultures were
incubated at 55°C (Eigs.8A and 8B). It was obvious that
both-istrains showed best growth at the mesophilic growth
temperature fange and growth was inhibited when the
incubation temperature was increased beyond 50°C. Limited growth
of both strains still observed at an incubation temperature
of 52°C, but no visible growth was obtained at 55°C (Eigs.BA
and 8B).
Temperature for maximal Cx production of both strains
T—14 and Au-1 was found to be 50°C (Eigs.8A and 8B). At
temperatures higher or lower than 50°C, Cx production
declined rapidly in both strains (Figs.8A and 8B). No
detectable level of Cx activity was observed in cultures of
both strains T—14 and Au-1 when incubated at 55°C or higher
(Figs.8A and 8B).
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Fig. S. Effect of temperature on Cx production and
bacterial growth of A. strain T-14, and B. strain Au=1.
The cultures were grown at 50°C in modified TDLM
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Effect of D(+)raffinose concentration on bacterial growth
and Cx production
Since D(+ )raffinose was found to be the most efficient
inducer for cellulase production in strain T—14 and its
mutant strain Au-1, 'an attempt was made to examine the
effect of the concentration of raffinose on growth and Cx
production in the two strains. Results indicated that for
both strains, 2mgml of raff inose was the optimal concentration
for maximal growth and Cx production (FigsSA and 9B).
lower concentrations of raffinose in the culture medium
resulted in rapid decline of the relative growth rates
(expressed as Klett Summerson Unit per unit hour) for both
strains (Figs.9A and 9B). Raffinose concentrations higher
than 2mgml exerted a significant increase in relative
growth rate. Similar result in Cx production was observed
that maximum production of Cx was achieved with 2 mgml
D(+)raffinose provided to the medium for both strains
(Eigs.9A and 9B).
The relative growth rate of strain T-14 and Au-1
provided information on the maximum growth rate and Km
value:for growth in D(+)raffinose-grown culture. From
Fig. 9, it was estimated that the maximum growth rate of
strain T—14 was 40 Klett Summerson Units per hour with a
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Fig.9. Effect of D(+) raffinose concentration on
Cx production and bacterial growth of








Km value of 4 mgml of D(+)raffinose (Fig. 9A). The
maximum growth rate of strain Au-1 was a hit lower
(32 Klett Summerson Unit per hour) and with a Km value of
7 mgml D(+)raffinose (Fig. 9B).
Change of Cx levels during cultivation of strains T-14 and Au-1
The appearance of Cx during different growth phases
of strains T—14 and Au-1 was monitored in TDLM (pH 6.0)
containing 0.2% of D(+)raffinose at 50°C.
In culture of strain T-14, the period of logarithmic
growth lasted for approximately 10 hours followed hy a
stationary phase of growth (Fig.lOA). No Cx activity was
detected suring the first two hours of incubation. The
level of Cx started to increase rapidly from the 2nd hour
of incubation onward throughout the logarithmic growth
phase (Fig. 10A). Maximal level of Cx was observed at the
10th hour of cultivation, which was also the beginning of
the stationary phase of growth(Fig. 10A). leveling of the
Cx activity occurred for the following 8 hotirs (Fig. 10A).
Intracellular Cx was not detected during the entire growth
period.
In strain Au-1, the patternof Cx production during
growth (Fig. 10B) was similar to that of strain T—14
(Fig. 10A). The only abserved difference was that a
relatively much higher level of Cx was produced by strain
Au-1 (Fig. 10B). Intracellular Cx activity was also not
detectable during the entire growth period of strain Au-1.
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Fig.10. Change of Cx production levels during the
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Effects of complex organic compounds on bacterial growth
and Cx production
Results indicated that increase in the concentration
of each complex inorganic compound led to a general increas
in cell protein content as well as the yield of Cx(Tahle 22
This was true with organic compounds including beef extract
casamino acid, malt extract, proteose peptone, tryptone,and
yeast extract, except with phytone which did not show any
significant difference in growth when supplied in 1 .0 and
5.0 mgml (Table 22). Prominent increases of cell protein
and Cx production were observed whenever 5.0 mgml of any
organic compound was added to the culture, compared with
cultures with added organic compound at 1 mgml(Table 22).
The effectiveness of individual organic compound at
a concentration of 5 mgml on Cx production by strain T—14
was in the descending order of yeast extract, tryptone,
casamino acid, malt extract, beef extract, proteose peptone
and phytone (Table 22). Eor strain Au-1, the descending order
was found to be yeast extract, casamino acid., malt extract,
tryptone, beef extract, proteose peptone and phytone
(Table 22). Eor both bacterial strains, 5 mgml of yeast
extract was apparently the most effective organic compound
for stimulating Cx production (Table 22), the least effective
organic compound was phytone followed by proteose peptone
and beef extract.
„.wio 92
pffects of various complex organic compounds on bacteral growth











































































































U= 1ug D-glu released per hour
A limited supply of yeast extract (0.1 mgml) to the
culture medium resulted in lower levels of Cx, 380.6 Uml
for strain Au-1 and 212.1 Uml for strain T—14, but good
growth was obtained when compared with the effects of other
organic compounds (0.1 mgml) on cell growth and Cx
production (Table 22). The presence of only 0.1 mgml
organic compounds other than yeast extract resulted in
limited growth as expressed by the amount of cell protein
but comparatively higher Cx levels were achieved. The
higher level of Cx production were obtained when 0.1 mgml
of malt extract was supplied to the culture of Au-1
(519.1 Uml) and to the culture of strain T-14 (242.6 Uml)
as shown in Table 22.
Effects of cations on bacterial growth and Cx production
The effects of Mg++ on growth (as measured by cell
protein) and cellulase production of strain T-4 4 and Au-1 were
shown in Fig. 11 A. Both-.strains T-14 and Au-1 showed similar
pattern of response to Mg11 in TDLM (Fig. 11A). Absence of
Mg~~ resulted in limited growth of the cultures while a supply
of 0.33 mM of Mg++ stimulated the cultures to achieve
maximal growth (185 pg proteinml for Au-1 and 200 pg proteinml
for T—14). Further increase in Mg++ concentrations higher
than 0.33mM resulted in inhibition on growth (Fig.11A).
Maximum Cx productions were found in the presence of 3.3 mM
of Mg++ (650 Uml for strain Au-1 and 350 Uml for strain T-14).
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Fig.11. Effects of Mg+ Na+ and NH4+ on bacterial
growth and Cx production of strains T-14 and Au-1
grown in modified TDLM (pH 6.0), and incubated at 500C
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Different effects of Na were observed in strain T—14
as shown in Big.11B. Increase of Na+ concentration from 0
to 17 mM resulted in the inhibited Cx production for both
strains T—14 and Au-1 (Big.11B), and a further increase in..
Na+ concentration did not affect Cx production by strain T 14
(Big.11B). On the contrary, the Cx production by strain Au-1
fluctuated with increases of Na+ levels in the culture medium.
In general, slight increases of Cx production from 575.2 Uml
in Na+ free medium to 659.8 Uml in medium with 170 mM Na+
was observed (Big. 11B). The general growth pattern of
both strains showed an increase in cell protein with increased
supply of Na+ (Big. 11B).
Ammonium ions at a concentration of 1.87 mM stimulated
the maximal production of Cx by both strains T-14 and strain
Au-1, 372.5 Uml and 649.5 Uml respectively as shown in
Fig.11C. Burther increase of NH+ concentration in the
culture medium resulted in drastic inhibitory effect on Cx
production (Big. 11C)• The effect of NH+ on growth of both
strains was quite similar in that maximal growth was obtained
in culture media containing 37.4 mM of NH+, and poor growth
was observed in NH+ free medium (Big.11C).
Results indicated that the tested concentrations of
Fe+++ did not significantly affect the growth and Cx
production of both bacterial strains (Big.12 A).
Zn++exerted an inhibitory effect on cell growth
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Fig.12. Effects of Fe+++, Zn++, Ca++, and Mn++ on
bacterial growth and Cx production of strains T-14
and Au-1 grown in modified TDLM (pH 6.0), and
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as well as Cx production of the two bacterial strains
(Fig. 1 2B), and the inhibitory effect come to saturation
when a concentration higher than 34.8 pM was supplied to
the cultures. However, it was noted that the inhibitory
effects of Zn on growth and Cx production of• both.,strains
T—14 and Au-1 were low (Fig. 12B).
A concentration of 4.5 of Ca++ stimulated the
culture of strain T-14 to produce maximal levels of Cx
(252.5 Uhil) and further increase of the Ca++concentration
resulted in reduced Cx production (Fig.12C). Strain Au-1
responsed to Ca++ similary that a stimulating effect on
Cx production in the presence of Ca44 (4.5 iM) was observed
(Fig.12C), and reached a maximum at Ca44 level of 90 uM
(Fig. 12C). The growth of both strains were inhibited
with further increase in the Ca44 concentration (Fig. 12C).
Mn44 was required at concentrations of O.IM and 1 uM
for maximum yields of cell protein for both strains T—14
and Au-1 respectively (Fig.12D). Drastic drop of cell protein
was observed when the Mncontent in the medium was increased
beyond 0;1uM for strain T—14 and 1 uM for strain Au-1 (Fig.
12D). Mn44 concentration seemed to have little significant
effect on Cx production of the two strains (Fig. 12D).
Fe44 effect on the growth and Cx production of strains
T—14 and Au-1 was similar to that of the Fe444 (Fig. 12A).
A slight drop in Cx producrion level (about 25 Uml) was
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Fig.13. Effects of Fe++, Co++, Ni++, Cu++, and Ba++
on bacterial growth and Cx production of strains
T-14 and Au-1 grown in modified TDLM (pH 6.0),
and incubated at 50°C with O.2% D(+) raffinose as
carbon source.
Concentration (jjM)
observed when the Fe concentrations in the culture medium
varied from 0 to 3.6 yaM (Fig.13A).
Presence of Co++at concentrations higher than 84 uM
in the culture medium exerted an inhibiting effect on growth
of both T—14 and Au-1 (Fig.13B). Co++ at 4.2iM and 8.4juM
stimulated the maximum Cx production by strains T—14 and Au-1,
respectively (Pig. 13B).
Growth and Cx production of both strains T—14 and Au-1
were found to be maximized in the presence of 8.4 pM of Ni++.
Further increase in Ni++ concentration inhibited growth and
Cx production of the two bacterial strains (Pig. 13C).
Highest levels of growth and Cx production was detected
in both strains T—14 and Au-1 when grown in culture medium
containing only trace amount of (0.4 jM) Cu++ (Fig. 13D).
Any increase in the Cu++ concentration resulted in
significant inhibition on growth and Cx production of both
strains (Pig. 13D).
The presence of Ba++ in the culture medium exerted a
slight inhibitory effect on the growth of both strains and
Cx production of strain T-14 (Fig.13E). However, maximal
production of Cx by strain Au-1 required the presence of
41 pK of Ba++ (Fig.13E).
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Induction of Cx by cellobiose and raffinose
Cellobiose (Mandels and Reese, 1960), cellulose
(Mandels and Reese, 1960), lactose (Mandels aiid -Reese,
1975) and sophorose (Mandels et al., 1962) were reported
to be good inducers for cellulase production. Results
obtained from previous study (Tables 18 and 19) indicated
that the trisaccharide, D(+)raffinose, was the. best inducer
for Cx production in strain T-14. 'In this experiment,
attempts.were made to use D(+)raffinose and D(+)cellobiose
as inducers for Cx production in cultures of strains T-14
and Au-1. methyl-D-mannoside was used as the carbon
source in the control for Cx induction studies since very
low levels of Cx was induced by culture grown with this
carbohydrate.
The induction effects of D(+)cellobiose and D(+)-
raffinose on strain Au-1 were shown in Fig. 14B. At the
9th hour of incubation of cultures grown in -methyl-D-
mannoside containing TDLM, 0.3% of D(- cellabiose or 0.3%
of D(+ )raff inose was added to the cultures. It was found
that immediately after the addition of cellobiose to the
culture medium, there were rapid increase in growth of
strains T-14 and Au-1 (Figs.14A and 14B.). Maximal growth
was observed at the 6th hour after the addition of cellobiose.
However, the levels of Cx were detectable only at the 2nd
hour after addition of cellobiose, and increased:- rapidly
167
Fig.14. Induction effect of D(+)cellobiose and
D(+)raffinose on Cx production and bacterial growth
of A. strain Au-1, and B. strain T-14, Control
group grown in modified TDLM contained 0.3% of







during the stationary phase of growth in both strains
(Figs.14A and 14B). When cellobiose :culture reached
stationary phase, the production of Cx increased noticeably
from 25.5U/ml to 100U/ml, and to 200 U/ml for strains T-14
(Fig. 14A) and. strain Au-1 (Fig.14B) in a matter of 6 hours,
When raffinose was added to the cultures of strain
T-14 and strain Au-1 at the 9th hour of cultivation, no
significant effect on growth stimulation was observed for
the first two hours (Figs .14A and 14B). Then a rapid increase
in growth was evident, which lasted for 6 hours. The
production of Ox was found to be in pace with the stimulated
growth of the cultures, and the patterns of Cx production
was highly comparable to those of the cellobiose-treated
cultures of both strains (Figs. 14A and 14B). Strain T-14
seemed to be slightly better adapted for the utilization
of D(+)raffinose than strain Au-1, therefore exhibiting
a quick shift on growth stimulation after the addition of
D(+)raffinose.
Catabolite repression of glucose on Cx
The effects of exogenous supply of glucose (0.3%)
On Cx production and growth of strain T-14 and strain Au-1
in TDLM containing 0.3% of' D(+) raff ino se were shown in
Fig.15 and Fig. 16.
Repression of Cx production in culture of strain
T-14 (Fig.15) and strain Au-1 (Fig.16) due to the presence
170
Fig-15. Catabolite repression of Cx production by







Fig.16. Catabolite repression of Cx production by
















































of glucose was observed immediately after the addition of
glucose to the culture medium. On the other hand, growth
of both strains (Figs .15 and Fig.16) was stimulated to
great extents immediately after the addition of glucose to
the cultures.
B. Purification and characterization of Cx
Purification of Cx of strain Au-1I
The crude enzyme was first purified by affinity-sorption
column chromatography, and the elution patterns of Cx,
-glucosidase, and avicelase from strains T-14 and Au-1
were shown in Fig.17, Fig.'18, Fig.19, and Fig.20. From the
elution profiles obtained., it was obvious that only one
single protein peak was present at fraction 35 for strain
Au-1 (Fig.17) and at fraction. 32 for strain T-14 (Fig.19).
For strain Au-1, a single peak of Cx (Fraction 32) was
observed which was close to the protein peak (Fig.17).
This peak of Cx contributed to about 88.5% of the Cx activity
in the crude enzyme, and contained specific activity of
1,256.6 U/ mg protein. Fig. 18 showed the elution patterns
of avicelase and -glucosidase contained in the crude
enzyme of strain Au-1. Two peaks eluted at fraction 13 and
32 were found to prodnee 3 U/ml and 4 U/ml respectively
from microcrystalline cellulose.hydrolysis, which represented
the avicelase peaks eluted (Fig. 18) from enzyme of strain
Au-1. Another two peaks showing -glucosidase activity
were eluted at fraction 23 and 36 (Fig.18).
175
Fig.17. Elution profile of Cx from strain T-14 by
affinity-sorption (avicel) column chromatography









































Fig.18. Elution profile of avicelase and -glucosidase
from strain T-14 by affinity-sorption (avicel)
column chromatography method. Protein content
measured by the absorbance at 280 nm.
Fraction no.
179
Fig. 19. Elution profile of Cx from strain Au-1 by
affinity-sorption (avicel) column chromatography
method. Protein content measured by the
absorbance at 280 nm.
Fraction no.
181
Fig. 20, Elution profile of avicelase and -glucosidase
from strain Au-1 by affinity-sorption (avicel)
column chromatography method. Protein measured
by the absorbance at 280 nm.
Fraction no.
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The elution patterns of the crude enzyme from strain
T-14 is shown in Fig.19 and Fig.20. The elution profiles of
protein and Cx were similar to those of strain Au-1. ('Fig. 17).
The distinct difference between the elution profiles of
Au-1 and T-14 was that the amount of Cx activity from strain
T-14 (285 U/ml) was much lower than that of from strain Au-1
(575 U/ml) as shown in Fig.17 and Fig.19. The specific
activity of Cx contained in fraction 29 of the elution profile
of strain T-14 was 253.0 U/mg protein (Fig.19). The amount
of avicelase activity from strain T-14 as' shown by the sum
of the two peaks' areas (Fig.20) indicated a higher content
of. avicelase present than that of from strain Au-1 (Fig.18).
However, the avicelase activities from both strains were
considered to be quite low, and it was anticipated that a
large number of avicel column operation would be required
to collect enough amounts of avicelase for further purification
and characterization purposes.
Purification of Cx of strain Au-1 II
Fraction 29 to 34 from the elution profile of the
crude enzyme from strain Au-1 as obtained from the avicel
column were pooled together... These fractions were lyophilized.
Later this crude enzyme was redissolved in 2 ml of 50mM citric
acid phosphate buffer (pH 5.0) and was further purified by
Sephadex G 75 column chromatography. The elution pattern
of the partially purified Cx was shown in Fig.21. The Blue-
dextran peak indicated the void volume (Vo) and the gel bed
Pig. 21. Elution pattern of Cx from strain Au-1 by gel filtration method.
The enzyme preparation was obtained from pooled fractions
containing Cx activity from avicel column. The Sephadex £-75
column (jx 1 x 47 cm) used, and citric acid phosphate buffer
(pH 5.0) as elution buffer eluted at a rate of 4.0 mlhr at 4°C.
Protein content measured by the absorbance at 280 run. Eluents
from the 19th to 30th ml were pooled for subsequent characterization.
Yo- void volume as indicated by the elution peak of Blue Bextran
S- indicates the elution peak position of subtilisin (M.W. 26,700)
L- indicates the elution peak position of lysozyme (M.W. 14,300)
Yt -total bed volume, as indicated by the elution peak position
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volume (Vt) was indicated at the elution peak of vitamin
B12. The elution peak C was a major Cx activity peak which
constituted approximately 87% of the total Cx activity
applied to the column (Fig.21). Three other peaks A,B and
D containing Cx activity each accounted for about 3.05%,
6.0% and 3.15% of the applied Cx activity respectively
(Fig.21). The sum of the Cx activity of the four peaks
amountQdto almost complete recovery (100%) of the applied
Cx. Since the Cx activities of three minor peaks (A, B and
D) were very low thus required quite a large number of
column operations to pool enough amount of enzyme of these
three peaks for further studies,- therefore only the major
peak (C) Cx was pooled and used for further investigations
in this study. The major Cx peak C, from 19th to 30th ml
of the elution profile (Fig. 21) were pooled, lyophilized
and stored in desiccator at 2° C. Purity of the Cx in peak
C was checked by DISC-polyacrylamide gel electrophoresis
(Fig. 24). A single protein band was obtained (Fig. 24)
when peak C pooled enzyme was electrophoresed on a 7.5%
polyacrylamide slab gel (non-dissociating system). This
result from the electrophoresis experiment showed that peak
C contained a purified protein (which corresponded to a
purified Cx from strain Au-1)
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Fig. 24 Analysis of purified Cx (peak C fractions from
Sephadex G75 column) by non-SDS-DISC-polyacrylamide
gel (7.5% acrylamide in separating gel) in a slab gel
system. Protein standards: B= bovine serum albumin,
A= -amylase, S= subtilisin. Electrophoresis
proceeded At room temperature with constant current
set at 15 mA. Proteins after electrophoresis for






To sum up, 250 mg of crude enzyme contained 10.08 mg
protein with Cx activity of 4174.4 Unit was applied to the
avicel column and recovered a partially purified Cx (2.9
fold purified) constituted about 88.5% of the applied Cx
activity. (Table 23). Further purification of the partially
purified Cx by Sephadex. G 75 column resulted in 99.2%
recovery on the Cx activity applied, while 87% of these
activity were found in fractions included by peak C (Fig.21).
Only peak C contained Cx was collected and subjected to
further investigations in this study, this attributed to
a recovery of Cx activity of 77.2% of that originally used
for purification. The Cx .in peak C was 27.3 fold purified
(Table 23). with specific activity 11,829.9 U/mg protein
and a protein content of 0.2725 mg (Table 23).
Molecular weight determination of Cx of strain Au-1 by
Sephadex G 75 column chromatography
The molecular seiving range of the Sephadex G 75
for protein was from 5,000 to 80,000. Information observed
from the literature indicated that the molecular weights of
various Cx were within the seiving range of Sephadex G 75
gel. Standard molecular weight proteins within the seiving
range of Sephadex G 75 gel were chosen and the retention
coefficients of these protein standards were obtained.
A calibration plot was obtained by plotting the logarithmic
value of molecular weight of protein standards against
their corresponding retention coefficients. (Fig. 22).
Table 23




























this value corresponds to 0.04 IUmg protein, where 1 IU= 1 ji mole D-GTucosemin.
this value corresponds to 0.116 IUmg protein,
this value corresponds to 1.09 IUmg protein.
this value only represented the Cx activity contained in peak C, the major Cx activity
peak eluted from the Sephadex-G-75 column. When summing the Cx activity peaks A,B, C
and D (Fig. 13). ,99.27o of applied Cx activity was recovered.
1U corresponds to 1 yig D-Glucose produced per hour under normal assay conditions.
Fig. 22. Protein standards used for the determination•
of the molecular weight of the Cx of strain Au-1
as eluted from Sephadex G 75-120 column.
Elution conditions: proteins eluted from a Sephadex
G 75-120 gel bed 1 .0 x 48 cm) with 50mM
citric acid phosphate buffer (pH 5.0) at a flow
rate of 4.0 mlhr (5.1 cmml.hr) and collected
with 1.5 ml per fraction at 4°C.
Protein standards: Haemoglobin (M.W. 64,500),
oC-amylase (M.W. 48,500), subtilisin (M.W. 26700)
and lysozyme (MW. 14,300).
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Table 24. Determination of the molecular weight of Cx from strain Au-1


















The molecular weights of Cx contained in the elution profile
(Fig.21), peaks A,B,C, and D, were determined from the
calibration plot and.the results were shown in Table 24.
Peak C containing Cx with the retention coefficient of 2.67
which was corresponded to a molecular weight of 23,000
(Table 24). The three other peaks, A, B. and D represented
Cx with molecular weights of greater than 80,000, 40,900.
and 9,800 respectively (Table 24).
Substrate specificity of purif.ed Cx from strain Au-1
Aliquots of.purified. Cx contained 74.48 U were used
to hydrolysis a wide variety of substrates including insolube
native cellulose and soluble cellulose,cellobiose, p-nitro-
phenol-B-D-glucoside, raffinose( a trisaccharide with formula
Gal-( B1, 3) -Glu- (1, 2) -Fru) and the B1,3- and B1, 6- glucan
(laminarin). Results on Table 25 show- that only CMC was
hydrolysed to give significant amount of reducing sugar,
and insignificant amount of reducing sugar released when the
purified enzyme was added to other substrates used in the
test (Table 25).
Soluble sugar products released from various substrates
by the action of purified Cx from strain Au-1 were shown on
the TIC chromatogram (Fig.25). Results indicated that no
observable soluble sugars was detected with the enzyme
digests on insoluble cellulose and laminarin. Hydrolysis
Table 25
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The enzyme solution used for each assay contained an
Cx activity of 74.48 jig D-glumlhr.
Hydrolysis of cellulose-azure will release azure
group which displays absorbance at 590 nm, Aq=1.0
which corresponding to 20% solubilization of cellulose-
azure or 1.6 }i moles of reducing sugarreleased
(McCleary, 1980).
Measured as jiM of p-Nitrophenol released per minute
per ml.
Data obtained were considered to be insignificant
since the lowest sensitivity of the DNS method
(Miller, 1959) is 50 jtigml of reducing sugar (Reese
and Mandels, 1952).
D(+)raffinose•5H20 is a trisaccharide with molcular formula
of D—Gal—( —1, 6) -D-Glu- (-1,2) —D—Fru
Fig. 25 Thin layer chromatogram of hydrolysis products
by the purified Cx of strain Au-1. Sugar standards:
3. D-glucose, 4. D(+)cellobiose, 5. D-galactose,
6. D(+)raffinose• Carbohydrate substrates used
in the experiment: 1. D(+)raffinose, 2. carboxymethyl-
cellulose, 7. Ashless floe, 8. Whatman No. 1 filter
paper, 9. laminarin, 10. Sigmacelltype 20.
of raffinose by the purified Cx produced fructose spot and
a disaccharide spot. The enzyme digest of CMC contained
a patch of color spot which migrated slower than the glucose
dimer—-cellobiose standard spot (Pig.25). In addition, it
was also found that trace amount of glucose present in the
CMC digest. These results corresponded well to those obtained
in the substrate specificity test of Cx (Table 25).
Effect of pH on the activity and stability of Cx
The activity and stability of Cx in the crude enzyme
and purified enzyme from strain Au-1 and from the crude
enzyme of strain T—14 were found to vary from one another
(Table 26). Optimum Cx activity of the crude enzyme from
strain T—14 was found at pH ranged from 3.5 to 5.0 (Pig.26).
Bimodal peaks of pH optima were observed with the crude
enzyme from strain Au-1 (Pig.27) with pH optima at 5.0 and
7.5, while Cx activity remained relatively high (approximately
90% of optimum activity)(Pig. 27). The purified Cx from
strain Au-1 showed a distinct sharp peak for optimum activity
at pH 5.5. Purified Cx activity declined rapidly( 50% loss)
at pK 5.0 and 6.0 (Pig.28). The purified Cx showed a
conserved level of activity (35% to 45%) at the pH range
from 6.0 to 8.0 whilst only trace activity was observed at
PH 3.0 (Pig.28).
The crude enzyme and purified enzyme from strain Au-1
(Pig.27 and Pig.28) and the crude enzyme from strain T—14
Fig.26. Effect of pH on the activity and stability of
Cx in the crude enzyme from strain T-14.
Enzyme activity was assayed with 5mgml CMC
at 50°C for 30 minutes. The symbols
represent tests done in buffer system of
0.1M citric acid0.2M NaKPO and the symbols
respresent tests done in buffer system
of 0.2M glycine 0.2N NaOH.
In the enzyme stability tests, all enzyme
solution mixtures after reacting at the tested
pH values were readjusted to pH5.5 with 0.1M
citric acid. 0.2M Na2HP04 buffer (pH 5.5).
The enzyme activity at 100% is 179.4 Uml.
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Pig.27. Effect of pH on the activity and stability of
Cx in the crude enzyme from strain Au-1•
Enzyme activity was assayed with 5mgml CMC
at 50°C for 30 minutes. The symbols
represent tests done in buffer system of
0,1M citricacid0,2M NaHPO and the symbols
represent tests done in buffer
system of 0,2M glycine 0,2N NaOH.
In the enzyme stability tests, all enzyme
solution mixtures after reacting at the tested
pH values were readjusted to pH5.5 with 0.1M
citric acid 0-,2M Na2HP0 buffer (pH 5.5).
The enzyme activity at 100% is 190,6 Uml,
Each point represents the average of triplicates.
pH stability
activity
Fig.28. Effect of pH on the activity and stability of
Cx in the purified enzyme from strain Au-1.
Enzyme activity was assayed with 5mgml
CMC at 50°C for 30 minutes. The symbols
represent tests done in buffer
system of 0.1M citric acid0.2M NaHPO and
the symbols represent tests done in
buffer system,of 0.2M glycine 0.2N NaOH.
In the enzyme stability tests, all enzyme
solution mixtures after reacting at the tested
pH values were readjusted to pH5.5 with 0.1M
citric acid 0.2M Na2KP0 buffer (pH 5 5')
The enzyme activity at 100% is 159.2 Uml.





















optimal pH for activity that activity showing 95% or more
optimal pH for stability maintained above 80%, of original
Cx activity after 24 hour of incubation
Table 2 7
Effect: of buffer (pH 8.0) used In the assay system on activity and stability of Cx from
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U represent Cx enzyme unitv 1 U of Cx represents the amount of
Cx that can release 1 pg of reducing sugar (as D-glucose
equivalent) per hour.
(Fig.26) incubated at 25°G for 24 hours were found to be
stable over a relatively wide range of pH. The Cx from%
strain Au-1 was stable at a pH range of 4.5 to 8.0 for the
crude enzyme (Fig. 27) and of 5.0 to 10.0 for the purified
enzyme (Fig.28). It seemed that the Cx of the crude enzyme
from strain T—14 was a little more sensitive to pH change
and was stable over a pH range of 5.5 to 6.5 only (Fig.26),
The effects of different buffers used on Cx activity
and stability studies were shown in Table 27. It was found
that the glycineNaOH buffer at pH 8.0 enhanced the Cx
«
activity and stability on the Cx from strain Au-1.
Effect of temperature on the activity and stability of Cx
Activities of Cx from the three sources (crude enzyme
and purified enzyme from strain Au-1, and the crude enzyme
from strain T—14) showed a temperature optimum at 65°C
(Figs.29A and 29B). Sharp decrease in enzyme activity was
observed as the reaction temperature was increased to 70°C,
and no enzyme activity was observed at 80°C (Figs. 29A and
29B). The stability of Cx from the 5 sources showed similar
patterns with no loss of activity upon incubation from
0°Gto.50°C for 50 minutes in the absence of substrate
(Figs.50A and 50B). The stability of Cx declined at
temperatures higher than 55°C and total loss of activity
was detected at 80°C after 50 minutes of incubation (Figs50A
and 50B).
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Fig.29. Effect of temperature on the Cx activity of crude enzymes
from strains Au-1 (A) and T-14 (B).
Enzyme activity was assayed with 5 mg/ml CMC in 0.1M
citric acid/0.2M Na2HP04buffer (pH 5.5) for 30 minutes.
The enzyme activity of 100% represents Cx activity of
124.3 U/ml and 170.3 U/ml for the crude enzymes of strains
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Fig.30. Effect of temperature on the stability of Cx in crude
enzymes from strain Au-1 (A) and strain T-14 (B).
Residual Cx activity after 30 minutes of incubation at
tested temperature was assayed with 5 mg/ml CMC in 0.1M
citirc acid/Na2HPO4 buffer (pH 5.5) for 30 minutes at
65°C. 100% Cx activity represents 124.3 U/ml and
170.3 U/ml Cx activities in crude enzyme from strains




Fig.31. Effect of temperature on the activity and
stability of the purified Cx from strain Au-1.
Enzyme activity was assayed with 5 mg/ml CMC
in 0.1 M citric acid/ 0.2M Na2HPO4 buffer
(pH 5.5) at various temperatures for minutes.
100% Cx activity represents the activity of
159.2 U/ml. Stability of enzyme was determined
by preincubating the enzyme solution in 0.1M
citric acid/0.2M Na2HPO4 buffer (pH 5.5) at
tested temperatures for 30 minutes, with sub-
sequent residual enzyme activity assayed at
65°C. Each point represents the average of
triplicates.
Temperature (C)
The activity and stability of purified Cx from strain
Au-1 seemed to exhibit a better tolerance to high temperatures
Approximately 20% of activity was remained for the purified
Cx from strain Au-1 assayed at 80°C, while a residual
activity of about 14% observed to be stable when incubated
at 80 C for 30 minutes before the enzyme activity was assayed
(Fig.31).
Thermo-inactivation of Cx
Enzyme aliquots of crude and purified Cx from strain
Au-1 and brude enzyme from strain 5-14 were incubated at
65°C for 120 minutes to study-the thermo-inactivation of
the Cx activities at 65°C. The results indicated that the
rate of loss of Cx activity was greatest for the crude
enzyme from strain T—14 and then crude enzyme from strain
Au-1 (Pig.32), and that of the purified Cx from Au-1 exhibited
a much slower rate of inactivation in response to heat in
the absence of substrate (Pig.33). The enzyme stability
expressed as the tempersture stability half life (T) for
the three enzymes were 92.5 minutes,48.0 minutes and 20.5
minutes for the Cx.'of the purified enzyme and crude enzyme
from strain Au-1,and of the crude enzyme from strain T—14
respectively (Pigs'. 32 and Pig. 33).
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Fig. 32 Thermo-stability study of Cx in crude enzyme
from strains T-14 and Au-1.
Enzyme solution was incubated at 65°C and' then
enzyme activity was assayed at definite time
intervals. The enzyme:: solution used in each
assay contained activities of 90.9 U/.ml and
148.3 U/ml for strains T-14 and Au-1 crude
enzymes respectively. T1-2 represents the
temperature stability half life (min.) of Cx
activity under the experimental conditions.
Crude enzyme from strain Au-1
Crude enzyme from strain T14
Incubation time (min)
215
Fig.33.Thermo-stability of purified Cx from strain
Au-1.
Enzyme solution was incubated at 65°C and then
enzyme activity was assayed at definite time
intervals. The enzyme solution used in each
assay contained Cx activity of 172.3 U/ml.
T1-2 represents the temperature stability half
life (min.) of the purified Cx from strain Au-1.
Incubation time (min)
Kinetic study of purified Cx from strain Au-1
The initial rate of carboxymethylcellulose (CMC,
D.S.= 0.65- 0.85, Sigma Co.) hydrolysis expressed as the
amounts of reducing sugar released by the purified Cx from
strain Au-1 was shown in Fig. 54. The rate of production
of reducing sugar was found to increase with increasing
concentrations of CMC used in the experiment. The
Lineweaver-Burk plot was obtained by plotting the reciprocal
of the initial velocities of CMC hydrolysis against the
reciprocal of CMC cone ent rat ions (Lineweaver and Burk, 1954).
The values of Ymax and Km for CMC hydrolysis by the purified
Cx of the strain Au-1 were determined from the lineweaver and
Burk plot (Fig. 55). The Km value was 5.94 mgml of CMC,
and the Ymax was 12.21 mg D-G-luhrmg protein. The initial
enzymic reaction rate for:low substrate concentration
(0.1 mgml) was deviated from the the best line obtained
from the Lineweaver-Burk plot(Fig.35).
When the initial velocity of CMC,hydrolysis was
plotted against the corresponding CMC concentrations,
similar values of Ymax (12.77 nig D-G-luhrmg protein) and
Km (4.0 mgml CMC) were obtained (Fig. 56).
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Fig. 34. Rate of substrate (CMC) hydrolysis by
purified Cx from strain Au-1. Enzyme used
containing Cx activity of 115.5 U/ml.
CMC concentration
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Fig. 35. Lineweaver- Burk plot of purified Cx
from strain Au-1 on CMC hydrolysis. CMC used
with degree of substitution of 0.65 to 0.85
and of medium viscosity (Sigma Co.)

222
Fig.36. Determination of Vmax and Km by plotting
the initial velocities of CMC hydrolysis at
various concentrations of substrate (CMC).
Siibatrnte (CMC) ConcentrntionC10mn-ml1)
Effect of cations on the purified Cx activity from strain
Significant inactivation of the purified Cx of strain
Au-1 observed in reaction mixture containing (200mM),
Ni++(1mM), Ag+ (O.ImM), Eg++ (0.1 mM), Pe++ (lmM, Sn++
(0.1 mM), Ba++ (1 mM) and Zn++(1 mM) as shown in Table 28.
Only 12.9% of the original Cx activity was remained in the
reaction mixture containing 200mM of NH_+. In the presence
of Ni++, Ag+, Hg++, Fe++, Sn++ and Ba++ inhibition of 50%
to 60% of the original Cx' activity was detected. The least
inhibitory action on purified Cx activity was exerted by
1 mM of Zn++( a loss of 24.3% of the original activity
detected). When considering the concentration of cations
used as a factor, the relatively low concentrations of
Ag+, Hg++.and Sn++( all in 0.1 mM) resulted in about 50%
inhibition on Cx activity,indicated that a higher concent¬
ration used would be very inhibitory to Cx activity.
On the other hand, significant enhancement of Cx
activity was observed in reaction mixture containing
Ca++, Na+, K+, Mg++, Fe+++, Mn++, Co++, Pb++ and Cu++
in tested amounts (Table 28). Cu++ in 1 mM was found to
stimulate the highest Cx activity (323.5% of control)
among all the cations showing stimulating effect on
the purified Cx activity (Table 28).
Table 28
Effect of various cations on the activity of the purified
















































































1 U of enzyme= 1 pg of D-G-lucose released per hour
Effects of various reagents on purified Cx activity
The reducing agents,L-cysteine (5mM) and 2-mercapto~
ethanol (lOmM) were found to exert similar inhibitory effect
of about 25% on the activity of purified Cx (Table 29).
In the contrary, dithiothiretol (5mM) enhanced the Cx
activity by about 29% (Table 29). All thiol-group binding
reagents tested exerted inhibitory effect on the activity
of purified Cx; 0.1 mM of organic and inorganic mercurial
compounds (mercuric chloride and mercuric acetate) resulted
in 50% and 6% inhibition on original Cx activity when
present-(Table 29). Sodium arsenite treatment resulted in
42% inhibition of purified Cx activity.
The disulfide bond cleaving agent, sodium sulfite,when
present at 0.1 mM inhibited 28% of purified Cx activity
(Table 29).
Amines, polylols and histamine were found to have
stimulatory effect on the activity of purified Cx when
present in tested amount (Table 29). Glycine (50 mM) seemed
to stimulate Cx activity (70% increase) as found in the
result of previous experiments using glycine and NaOE
buffer for the test of pH effect on Cx activity and stability
(Table 27). Tris and histidine at 50mM increased the Cx
activity by 32% (Table 29). Three polylols used in the
present study were found to increase the Cx activity.
Higher stimulation effect observed with arabitol (increased
by 51.7%) and erythritol (57% stimulation) than that of
Table 29
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All tests were done in triplicates
1 U of enzyme= 1 jig of L-Clucose released per hour
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glycerol (increased by 38%). Histamine (20mM) also exerted
quite significant stimulating effect on the activity of Cx
purified from strain Au-1 (Table 29).
The metallo-enzyme inhibitor, EDTA, when present at
50mM reduced the activity of purified Cx to 83.4% of originall3
present (Table 29). Sodium azide is an inhibitor of Fe-enzyme
at 10-3M in general. The result showed that sodium azide
at 5 mM exerted little effect on the Cx activity (Table 29).
Effects of sugars on the activity of purified Cx from
strain Au-1
In order to investigate the effect of end product
on the activity of the purified Cx, various sugars at 0.1mg/ml
were added singly to the enzyme reaction mixture for activity
assays. The results indicated that all sugars (cetilobiose,
galacturonic acid, glucose, glucuronic acid, raffinose and
-methyl-D-glucsoe) except -methyl-Da-glucose showed
inhibitory effect on the activity of purified Cx (Table 30).
The most effective inhibitor was D-glucose which exerted
95% inhibition. Cellobiose, also effectively inhibited Cx
activity that only 35% of the original Cx activity remained.
D-galacturonic acid inhibited Cx activity by 35% while
glucuronic acid inhibited Cx activity by 11% only. A 14%
inhibition observed in-the presence of raffinose, the Cx
inducer. On the other hand, -methyl-D-glucose was found
to stimulate Cx activity by 10% (Table 30).
Table 30
Effects of various sugars on the activity of purified Cx
strain Au-1
Concentration Cx activity Cx activity





























All tests were done in triplicates




Isolation of bacteria from cotton waste compost
The bacterial populations of the cotton waste compost
are apparently affected by the fluctuation of temperature
at different stages of composting and during cultivation
of the straw mushroom. The typical temperature /time
curve of a cotton waste compost heap has been reviewed.
by Gray et al. (1971) that gradual increase in temperature
of compost was due to conservation of heat generated by
microbial fermentation. This elevated temperature thus
inhibits the growth of certern mesophiles, and promotes
the growth of the themotolerant_and thermophilic species.
In the present study, it is found that during initial
composting, the build up of mesophilic bacteria in the
compost is quite slow (for batch Ca) or the number of the
mesophiles even decreases (for batch C), while the number
of thermophilic bacteria increases rapidly. Later during
the AT stage at which a temperature of 55°C of the compost
heaps is recorded, which might account for the decline of
certain thermotolerant and mesophilic bacteria. Further
decline in numbers of both mesophilic and thermophilic
populations is observed after pasteurization at 62°C.
It is anticipated that only those true thermophiles, a few
thermotolerant forms and spore formers can survive and
grow in the compost heaps after pasteurization at 62°C,
therefore contributes to the observed rapid increase of
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this group of bacterial population at the 8th.. hour after
pasteurization at BS stage. The temperature subsequently
drops gradually from 62°C to 50°C, and to about 38°C before
spawning is proceeded. Within these temperature ranges,
the growth of thermophiles and thermotolerant species
becomes dominant. After spawning, the temperature of the
compost is maintained at about 32°C which is not suitable
for the growth of the true thermophiles but suitable for
the growth of the mesophiles and the thermotolerant species.
A further decline in the populations of both thermophiles
and mesophiles is observed after the pin head of the
mushroom appears. The possible reason for this observed
decline .in. bacterial number may due to the growth of the
fungal mycelia in the compost, which produces certain
metabolites. that limit or inhibit the growth of the bacterial
population present. In fact, it has been reported that
the microbial biomass in the compost is utilized by the
cultivated mushroom (Fermor et al., 1 979 Wood and Fermor,
1981). The importance is the establishment of a high level
of microbial populations during mushroom cultivation
(Hayes, 1975). It has been suggested that the microbial
biomass in the compost may serve as a concentrated source
of nitrogen, carbon and minerals for the mushroom and may
contribute significantly to growth and yield of the
mushroom (Fermor et al., 1979 Wood and Fermor, 1981).
Screening: of cellulolytic bacteria isolated from cotton
waste compost;
Three screening methods are used in the present study
to detect the cellulolytic ability of bacteria isolated
from the cotton waste compost. Growth and clear zone
formation of microbial colonies on ok-cellulose agar plates
was first used by McBeth in 196 (Rautela and Cowling,
1966). This method is easy to operate but difficulties
in clear zone measurement always present due to the fact
that the extent of the clear zone around the colony is
often obscured by the growing cell mass and sometimes
incomplete hydrolysis of overlaid cellulose always creats
confusion.
The 2 method used for screening cellulolytic
ability is to supply a soluble cellulose in mineral nutrient
broth ats the sole carbon source. Carboxymethyl—cellulose
(CMC), a soluble substituted cellulose, is an effective
substrate for the detection of carboxymethyl—cellulase
(Cx) activity since it can be utilized and degraded
quickly by cellulolytic microorganisms. Successful
attempt has been made to use a solid media containing CMC
to detect Cx activity of microorganism (Eankin and
Anagnostakis, 1976). However, the degree of substitution
by the carboxymethyl group and the viscosity of CMC are
found to affect both growth and enzyme production (Hankin
and Anagnostakis, 1976), and carboxymethyl—celluloses
with low degree of substitution (04- and 0.7) are not as
effective as those with a high degree (0.9) of substitution.
Moreover, it should be bear in mind that organisms able to
degrade soluble substituted celluloses may not be able to
produce enzymes to hydrolyse native cellulose. It is
because many cellulolytie microorganisms can only produce
endo--1,4—glucanases, which have little or no action on
native cellulose (Reese and Levison, 1952) Finally, the
dye-releasing of cellulose azure method used in the present
study is a modified method of that of Smith (1977) who
described a simple and effective method for rapid screening
of large number of cellulolytie fungi using cellulose azure
as the sole carbon source. Free-dye released from, cellulose
azure can diffuse into the supporting agar. The amount of
dye released and the speed of release appear to be related
to the degree of cellulolytie activity. This method is
advantageous in that it enhances the sensitivity in
detecting cellulolytie activity upon insoluble cellulose
when compared with the method of clear zone formation on
cellulose overlaid plate.
For confirmation of cellulolytie activity of the
bacteria isolated from the cotton waste compost, all three
methods are used and only those bacterial strains showing
positive reaction in all three screening method are chosen
for further investigation.
Out of the 14-0 bacterial isolates from the cotton
the present study, only bacteria from the thermophilic
batch showing positive reactions in all three screening
tests are choosen for assay of cellnlase activity. The
production of Cx (carboxymethyl-cellulase or endo--1,4—
glucanase) and avicelase by these strains are assayed.
Among all tested bacterial strains, Bacillus subtilis T44
is found to produce the highest amounts of Cx and avicelase,
therefore it is selected for further experiments in the
present study.
The amount of Cx produced-by 24 hour culture of
strain T-14 at 50°C is found to be intermediate (0.340 mg«
D-Gluhrml) as compared with those of several commonly
studied fungal species (Reese and Levinson, 1952) including
Trichoaerma virid'e Pers. ex. Pr. QM6a (0.608 mg D-Gluhr
ml), Suorotrichum uruinosum Gilman and Abbott QH168
(0.88 mg D-Gluhrml), Chaetomium j.ndi cum Cor da QM46b
(0.744 mg D-Gluhrml), Myrotnecium verrucaria (Alb. and
Schw.) Ditmar ex. Pr. QM460 (0.504 mg D-Gluhrml),
Pomes armosus (Pr.) Cooke T185M3 (0.608 mg D-Gluhrml),
Chaetomium globosum Kunze ex. Pr. QM -459 (0132 mg D—Glu
hrml), Pusarium moniliforme (Sacc.) Sheldon QM527
(0.068 mg D-Gluhrml), Aspergillus flavus Link ex. Pr.
QM10e (0.132 mg D-Gluhrml) and Pusarium uinicola (Pr.)
Cooke QM511 (0.236 mg D-Gluhrml). -This -level of Cx
produced by strain T-14 is also considered as intermediate
as compared with those produced by other- bacterial species
as list on Table 31
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In comparing the Cx production by various bacterial
strains, it must bear in mind to take into consideration
of the culture conditions, culturing period as well as
the assay conditions such as the degree of substitution of
CMC used for enzyme assay. Differences in these conditions
would probably lead to different results, therefore
difficult to make conclusive comparison.
Effects of carbohydrate source on bacteria growth and Cx
production
Growth and enzyme production in bacteria are processes
which require a basal supply of energy. The most effective
energy source usually is metabolizable carbohydrates, even
though certain microorganisms are able to utilize other
organic carbon compounds as substitutes. The investigation
on the effects of carbohydrates on bacterial growth and
cellulase production in the present study intends to select
a suitable carbohydrate source for the growth of, as well
as for the optimum induction of cellulase of strain T-44.
Strain T-14 is capable of efficiently utilizing the
carbolydrates tested for growth except lactose, Sigmacel 20
and Sigmacel 100, Whatman No.1 filter paper, melibiose,
D(+) melezitose,carboxymethyl-cellulose, d-methyl-D-mannoside
and D(+) xylose (Table 5). Only scant growth is observed in
culture medium containing these carbohydrates. Therefore,
the Cx produced by strain T-14 grown in media with these
carbohydrates is rather limited. Due to this observation,
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these carbohydrates including lactose are not used for
induction experiments even though lactose is known to be
a potential inducer for cellulase biosynthesis (Mandels
and Reese, 1975). It is suspected that strain T14 may
be deficient in producing the permeases for gactactosides
and/or enzymes required for degradation of the galactosides.
This is supported by the observation that only limited
growth and very low levels of Cx production observed is
detected in galactose, lactose and melibiose grown T-14
cultures (Tables 18 and 19).
The poor growth and cellulase production by strain
T-14 grown in medium containing insoluble cellulose is
probably due to the deficient in cellobiohydrolase (exo-
3-1,4-glucanase) production by this strain_ Zemek et al.
(1981) also reported that none of the Bacillus species
(included Bacillus subtilis) could produce detectable
cellobibhydrolase (C1-cellulase).
High levels of Cx and avicelase production are detected
in strain T14 cultures grown with the tested monosaccharides
except -methyl-D-mannoside; D(+) cellobiose,'maltose and
-gentibiose. Glucose and D(+) cellobiose when present in
high concentrations can. support reasonable growth of strain
T44, but both are poor inducers for cellulase. However,
controlled supply of these two carbohydrates have been
found to stimulate extracellular cellulase production in
some Trichoderma species (Mandels and Reese, 1960; Reese
et al., 1969). It has been reported that production of
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cellulase by Trichoderma species became obvious only after
the glucose or cellobiose supply is consumed (Hulme and
Stranks, 1970) or in fed batch culture when the
carbohydrate supply is fed as.-the limiting nutrient
(chose and Sahai., 1979 'Taniguchi et al., 1983). On the other
hand, it has been observed that most of the cellulase produced
by Trichoderma appeared after most of the sophorose has
been taken up by the cells and Cx production ceased after
depletion of sophorose (Loewenberg and Chapman, 1977
Sternberg and Mandels, 1979). Results-obtained from the
present study indicate that Sellulase production by strain
T-14 grown with glucose, D(+) cellobiose, maltose, P-gentibiose
and other monosaccharides (except cL-methyl-D-mannoside)
become detectable when most of the carbohydrates have been
utilized by the bacterial cells as shown by the growth
curve of the culture.* Little or no residual reducing-
sugar substrates are detected in the 20 hours (stationary
culture of strain T-14 used for cellulase assay
(data is not shown here since this was done as part of the
experiment for cellulase assay in order to eleminate the
confusion of reducing sugar that may present in the enzyme
solution for determing cellulase activity), Therefore, it
is--conceivable that cellulase production by strain T-14
grown on these carbohydrates is stimulated by the controlled
or limited supply of carbohydrates instead of direct
induction effect of the carbohydrates. However, Fogarty
and Griffin (1974) reported that 1% arabinose completely
inhibited Cx production in Bacillus polymyxa, which is
different from the results of the-present study.
Good growth but low production of cellulase is observed
in strain £44 cultures grown on sucrose and D(+) trehalose.
Sucrose and D(+) trehalose are therefore good substrates
for growth but are ineffective in inducing cellulase
production in strain T4 4.
Starch and glycogen are found to support good growth
as well as comparatively high yields of cellulase in strain
T-14. Similar results have been obtained by Pogarty and
Griffin (1974) working with Bacillus polymyxa, Results
of the cellulase assay (reducing sugar release) carried out
with starch and glycogen as the inducers are sometimes
difficult to justify since oL-amylase produced by strain £44
(Table 17) may also release reducing sugar from residual
starch or glycogen that remained in the culture fluid.
Therefore in the present experiment, steps are carried out
to remove, residual starch and glycogen in the culture
medium before assaying for the cellulase activity.
Among the carbohydretes tested, D(+) raffinose (0-
ol-D-galactopyranosyl-( 1 -»6 )-0-l-D-glucopyranosyl-( 1 -»2) -5-
D-fructofuranoside) is the most' effective inducer for
cellulase production and it supports good growth of strain
T-14. On the other hand, results obtained with the three
monomers of raffinose, namely D(+) galactose (358.8 Uml),
Ii(-) fructose (292.6 Uml) and D(+) glucose (265.5 Uml)
indicate that raffinose is probally hydrolysed into its
components which subsequently induce the total amounts of
Cx detected• Evidence have been produced that modified
substrates such as cellobiose-octaacetate can stimulate
extracellular cellulase production in some Trichoderma species
(Mandels and Reese, 1960; Reese ejt al«, 1969). However,
therare no reports on the induction effect of D(+) raffinose
on cellulase production by fungi or bacteria.
Production of Cx by the mutant strain AII-1
The amount of Cx produced by -strain T-14 (340 jig D-Glu
hrml) under optimum conditions when compared with those
produced by other cellulolytic micro-organisms (Reese and
Levinson, 1952) is found to be in the intermediate range.
For instance, Cellulomonas fimi (60 jig D-Gluhrml),
Cellvibrio fulvus (180 p.g D-Gluhrml), Corynebac terium sp.
(170 jig D-Gluhrml), S-porocyto-phaga myscococcoides (400 jig
D-Gluhrml), Celvibrio vulgaris (710 jig D-Gluhrml),
Aspergillus niger (750 jig D-Gluhrml), A. hudulans (800 jig
D-G-luhrml), Pusarium sp. (1010 pg D-Gluhrml), Mvrothecium
verrucaria (1010)ag D-Gluhrml), Hu-micola fuscoatra (160 jig
D-Gluhrml), H. grisea (380 jig D-Gluhrml) and Trichoderma
viride QM6a (180 ig D-Gluhr ml). Attempt has been made to
obtain Cx hyperproductive mutants from strain T44 by use of
the mutagen N-methyl-H-nitro-N—nitrosoguanidine(NTG).
Trichoderma reesei NG-14, a. mutant obtained by NTG treatment
(Montenecourt and. Eveleigh, 1977), is found to produce about
3 times more endoglucanase activity (Mandels, 1975) than the
wild type T. reesei QM6a. The mutant strain AU-1, obtained
from the present experiment is capable of producing
approximately 3.3 times Cx activitying cell protein than
its parent strain T44. This mutant strain is named as
Bacillus subtilis AU-1 (after the parent strain, B. subtilis
T14). Both strains T-14 a-nd AU-1 produce levels of Cx
comparable to those produced by the high Cx producing
cellulolytic bacteria studied by Reese and Levinson
(1952). (these Cx levels produced by strains T-14 and AU-1,
when compared with those produced by the high Cx producing
fungi, are well within the intermediate range (Reese and
levinson, 1952).
It is conceivable that multisite mutation occurs in
strain AU-1, which results in the observed facts of low cell
protein content with high Cx production of the culture
grown in optimum conditions.
Effects of initial pH of the culture medium on bacterial
growth and 'cellulase production
The initial medium pH for the optimum growth is pH 6.5
for strain T44 and pH 7.0 for strain AU-1. Both strains are
found to grow well at initial medium pH of 6.0 to 7.0.
The optimal initial pH of medium for Cx production is
pH 6.0 for both strains. Other medium pH higher or lower
than 6.0 result in the decrease of Cx for both strains.
Complete inhibition of Cx production is found with initial
medium pH at 4.5, 5.0, 5.5, 7.5 and 7.9 for strain T-14 and
at pH 4.5, 7.5 and 7.9 for strain AU-1• In comnromisins;
the optimal growth pH with the optimal Cx production pH
for both strains, a pH at 6.0 was used as the initial pH
of the medium for the cultivation of strains T4 4 and AU-1.
throughout the other experiments of the present study.
Davies (1969) reported that most microbial extracellular
enzymes were produced in greatest yields at a growth pH
value somewhere near the pH for maximum enzyme activity,
but exceptions can be found where the optimum pH for
growth and maximum yield of the cells may be far away from
the pH optimum for enzyme activity but probably still
within the pH range for relative enzyme stability. In
the present experiment, the optimum pH for maximum Cx
activity is within the optimum Cx production range,
being 6.0 for strain T-14 and pH 5.5 to 6.5 with maximum
activity at 6.0 for strain AU-1. The optimum pH range
for maximum activity of Cx produced by strain T44 is from
5.5 to 5.0 which is far beyond the optimum pH range for
Cx production, but still within the optimal pH range for
enzyme stability of pH 3.5 to 6.5. On the other hand,
the optimal pH for Cx acrtivity ranges from pH 5.0 to 7.5,
while the Cx is stable between pH 5.0 to 8.0 in strain AU-1.
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Effects of temperature on bacterial Erowth and cellulase
nroduc tion
Both strains T14 and AU-1 show best growth at the
mesophilic range (35°C), and growth is completely inhibited
by the incubation temperature at 55°C C. However, the
temperature for maximal Cx production in both strains T-14
and AU-1 is found to be 50°C which is far from the optimum
temperature for growth. This result is quite different from
those reported by Mandels and Reese (1969) and Ryu and Mandels.
(1980) on the cellulolytic enzyme production by the fungi
Trichoderma virile and Pestalotionsis westerdiThese
authors found that conditions which restricted the growth
rates of these fungi(especially v,hen lowering the temperature)
markedly stimulated cellulolytic enzyme. production. The
present finding indicates that Cx production in strain T-14
and strain AU-1 is stimulated by an elevated temperature above
the optimal growth temperatures of the two bacterial strains.
Since the optimal growth temperature of strain T44
and strain AU-1 is 35°0 which is in the mesophilic range,
and the upper limit of growth temperature is 52aC C. therefore
both strains cannot be classified as thermophilic, instead
they are probably thermotolerant strains of Bacillus subtilis.
Effect of Raffinose concentration on bacterial growth and
Cx rroduction
Limiting the supply of raffinose which serves both
as carbon and energy source and inducer for cellulase
limits cellulase biosynthesis of strain T44 and. AU-1. It
is possible that the maintenance energy requirements are not
fulfilled. The concentration (0.2%) of D(+) raffinose used
in the present experiment well serves the dual functions as
carbon-energy source as well as the inducer for Cx
biosynthesis. Higher concentration (0.50 of D(+) raffinose
does not affect or only slight decrease Cx production.
Similarly high concentrations of cellobiose has been found
to inhibit the production and activity of cellobiohydrolase
in the fungus Sporotrichum pulveruleutum (Eriksson,. 1978)•
In addition, it has been reported that cellulose supplied
at high concentrations to a Eusarium sp. culture filtrate
inhibited the hydrol7tic enzymes towards cotton (largonski
and Szajer, 1979). It is well documented that the supply
of particular substrate at high concentrations may result
in the accumulation of large amounts of end products or
metabolites which inhibit the activity and biosynthesis of
cellulases (Targonski and Szajer, 1979).
Change of Cx levels during cultivation
In cultures of strain T-14 and AU-1, a lag of 1 to 2
hours is observed before the appearance of Cx at detectable
levels in the culture fluid. Exponential increase in the
Cx levels coincideswith the exponential growth phases of the
cultures while optimal Cx production is observed during the
early stationary phases of the two bacterial strains.
Little or no decline in Cx activity is detected 10 hours after
the maximum production level has been reached.
The finding that the pattern of Cx production closely
parallels that of the growth pattern observed in cultures
of strain T44 and strain AU-1 is a well documented
phenomenon in extracellular enzyme production by microorganisms
(Davies, 1969). In addition, results of the present-
experiment is similar to the findings of Mandels et al.
(1975), and Nevalainen and Palva (1978) that secretion of
extracellular enzymes seems to be closely related to
slow down of cell growth while the highest cellulase activity
is usually detected in cultures of stationary and post-
stationarrphases of growth.' Similar phenomenon on the
cellulase production in relation with growth phases have
been reported by other workers (Saddler and Khan, 1950;
Mandels and Reese, 1960; Yoshikawa et al., 1974; Breuil
and Kushner, 1976; Chang and Thayer, 1977).
It is concluded that the Cx produced by strain T44
and strain AU-1 are extracellular enzymes. This is
supported by the observations that although decrease in
the turbidity of the cultures is observed during late
stationary phases (which indicates the breakdown of the vegetative
bacterial cells), the levels of Cx activity detected in the
culture fluid remain relatively stable.
Effects of cations on Cx production
Various combinations of cations including Mg, Zn ,Mn,
Fe1 co++and Ca++have been found to stimulate cellulase
production in fungi.. Co++ at a concentration of 10 ppm lias
been reported to delay cellobiose uptake and stimulate
endo-j3-1,4-glucanase production; and it has been proposed
that Co++ inhibits sugar metabolism systems: sugar transport
or sugar metabolizing components (Mandels and Reese, 1960).
It is well known that cations also affect the activity
and stability of enzymes. Mackenzie and Bilous (1982)-
reported that Ca++, Mg++ and Mn++ were able to enhance
the cellulase activity of Acetivibrio cellulolyticus.
Olutiola (1982) also found the Mg++ and Ca++ stimulated'
the Cx activity of Humicola lanuginosa. Hence, the presence
or absence of cations in the culture medium, which exhibit
enhancing or inhibiting effect on enzyme activity might-
obscure the relative effect of the cations on the production
of enzymes.
To maximize the production of Cx without limiting the
growth of strain AU-1, the culture media should contain
3.3 mM of Mg++, 18;7 mM: of TTH1, 4.5 pM of Ca.++, 0.1 pM of
Mn++, 8.4 pM of Co++, 6.3 pM of Ni++, 0..4 pM- of Cu++and
4.1 pM of Sa++. As for maximizing the Cx production of
strain T44, same amounts of these cations should also present-
in the culture medium, except that 42 jjM of Co++ instead of
8.4 jiM should be used. In addition, Na+ which is found to
have little or no effect on Cx production but promotes
growth of both strains should also be incorporated into
t'lio cultme medium a u a coneon iicacioxi of 17 pM© 'oy increase
in che cation coneen era clons results in inhibition of growth
nr Cx production©
Mandels and Reese (1957) found that maximum celiulase
production by Trichoderraa yiride could be obtained in culture
medium containing 0.3% MgSO, 0.03% CaCl?f and a combination
of trace elements including 0.001% re44, 0.0008% Zd.41' and
0.01% Co. They also reported that a 20-fold increase in
the concentrations of the trace elements did not cause
inhibition on growth, which is similar to the present
results obtained with Fe44 and Fe444 on growth and Cx
production bv T-14. and ATT-1.
Mandel and Reese (1957) also suggested that calciums
seized as firmly hound prosthetic group to stabilize protease
and probably exert, similar;effect on celiulase. Metallic
ions have been suggested to affect the releasing mechanism
of extracellular celiulase and other extracellular enzymes
(Mandels ahd Reese, 1957) or prevent some components necessary
for induction from leaking out of the cell© Traces of Zn44
promoted protease secretion but inhibited amylase secretion
jacterium liquefacieus (Mandels and Reese, 1957)© It is
conceivable that effect.of cations on enzyme production and
secretion mechanisms might vary from organisms to organisms.
£S£t of complex organic compound on Cx production
Complex organic compounds have been incorporated in
Va£ious media for cultivation and production of celiulase o:
funSi (Hash'and King, 1957; Mandels and Weber, 1969; Hulme
and St rank 5 19715 C'outts and Smith, 1976; Maoris, 1984)
and bacteria (Yama-ne et al., 1965; Stutzenberger, 1971?
Lee and Blackburn, 1975; Breuil and Kushner, 1976; Ng and
Zeikus, 1981; Whittle et al., 1982; Giallo et al., 1985;
Obmiya et al., 1983)® Complex organic compounds are rich
in nitrogen contents (yeast extract, soy meal extract, meat
extract), carbohydrate content (malt-.extract, rice bran),
trace metals ions and growth factors (Bridson and Breaker,
1970)® These components of the complex organic compounds
may exert effects on enzyme production by providing
nutrients to enhance growth directly, by stimulating
polysaccharides, proteins, amino acids, lipids and nucleotides
biosynthesis (Bridson and Brecker, 1970)• Lee and Blackburn
(1975) demonstrated that 0,5 yeast extract supplied to.
the culture medium for growing a thermophilic Clostridium
species enhance optimum cellulase production, where increase
or decrease of the concentration of yeast extract resulted
in inhibition on cellulase production. Mandels and Weber
(1969) found that 0.05% to 0.1% peptone stimulated cellulase
production in Trichoderma reesei. Casamino acids, peptone
and amino acids (glutamate and aspartate have been reported
to stimulate the Cx production of Pseudomonas fluorescens
var. cellulosa (Yamane et al., 1965). Cases of failure to
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synthesize active enzymes in growth-factor-dificient media
have also been reported (Mandels and Weber, 1969; Mandel
et al., 1974). Moreover the buffering power of complex
organic compounds enable them to serve as pH stabilisers
in the culture medium9which probably affects growth and eaayme
production of the microorganisms. Results obtained from
the present study indicate that? within limits? increase
of yeast extract supply results in enhanced Cx production
by both strain CM4- and AU-1 Similar observation on
eellulase production has been reported in a thermophilic
Clostridium spceies (lee and Blackburn? 1975) Yeast
extract when supplied in low concentrations is found to
lover the Cx production, .by both strains 14 4 and AXJ-1; vhen
1 mgml of yeast extract is added to the culture medium?
only 276.5 U ml Cx activity is detected in the 1444
culture which produces 4575 U 7 ml of Cx vhen 5 mgml
of yeast extract is present and 489.5 U ml Cx activity
is detected in the AU-1 culture which produces 759.0 U
ml of Cx in the presence of 5 mgml of yeast extract.
This observation lends support to the conclusion that
?•
strain T4 4 is unable to grow in biotin or pyridoxinefree
vitamin assay media. Growth factors such as biotin and
pyridoxine, commonly found in yeast extract? are probably
important in stimulating growth and Cx production of
strains T44 and AU-1« A supply of 0.1 mgml of yeast
extract only support approximately half of the Cx? 380.6
U ml in strain AU-1 and 212.1 U ml in strain T4 4,
produced in culture medium containing 5 mgml of yeast
extract.
The concentration effects of the other complex organic
compounds used (beef extract, casamino acid, malt extract,
• •
proteose peptone, tryptone and phytone) are similar to that
of yeast extract except the differences in Cx production
among cultures containing the highest a.nd lovest concentrations
of these complex organic compounds are not -as great as in
the case of yeast extract The relative effectiveness of
the organic compounds used in stimulating Cx production by
strain T44 and strain AU—1 is listed in the following
decreasing order: yeast extract, casamino acids, malt
extract, tryptone, beef extract, proteose peptone and
phytone for strain AU—1; and yeast extract, casamino acids,
tryptone, malt extract and beef extract, proteose peptone
and phytone for strain T-14
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D(+) cellobiose, an effective cellulaSe inducer is
used as an inducer for the Cx biosynthesis by strain T4 4
and AU—1• Since it is found that Cx production becomes
obvious only in the early stationary growth phases of both
strains, it is suggested that Cx production by T-3 4 and AU-1
is stimulated by low concentration and inhibited by high
concertration of D(+) cellobiose present in the culture
medium The uptake mechanisms of D(+) cellobiose by both
strains are believed to be very efficient since exponential
growth .is observed after addition of D(+) cellobiose to
the culture mediumc As discussed before, controlled or
limited supply of glucose or cellobiose is proba,bly the
factor stimulating the biosynthesis of cellulase (Mandels
and Reese, 1960; Reese et al., 1969).
D(-j-) raffinose has not been reported to be an inducer
for cellulase biosynthesis in fungi and bacteria The
present results show that D(+) raffinose is the most
effective inducer, among others, for the induction of Cx
biosynthesis by strain T44 and AU-1.
D(+) raffinose (0-c4ragalactopyranosyl-( 1 -»6)-0-£-glueopyranosyl-
(12)-|S~I)~fructofuranoside) is a trisaccharide which
contains galactose, glucose and fructose as components
A gradual degradation of this trisaccharide molecules,
either by the action of galactosidase to yield sucrose
and galactose or hy the action of invertase to yield
D-fructose and melibiose or both It is conceivable that
in such way raffinose continuously and constantly supplies
its monomer—components at a slow and low level which in
turn stimulate Cx production of the bacterial cells. This
observation is similar to the case of cellobiose-octa-aceta
(Mandel and Reese, 1960; Reese et al., 1969) and sophorose
(Loewenberg and Chapman, 1977)' on.cellulases induction
The appearence of a lag period in the growth curve immediately
after the addition of D(+) raffinose to the culture
medium indicates that the bacteria have to shift to
another substrate utilization mechanism for utilizing D(+)
raffinose. The comparatively longer log phase period
observed is indicative that a slow but constant uptake
of the supplied D(+) raffinose by the bacterial cells
is in operation® Despite of the slower growth rate shown
by cultures supplied with D(+) raffinose when compare with
that of the D(4») eellobiose added culture, Cx production
rate is found to be higher in the former®
lactose has also been reported to be an inducer for
-b.
cellulase (Mandels and Reese, 1975). Since strain 19 4
cannot utilize lactose efficiently to support growth, the
use of lactose as inducer in comparing the induction
mechanism of strain T-14 and strain AU-1 is impossible.
Results obtained from the study of D(+) glucose as
the catabolite repressor of Cx production by strain T14 and
strain AU-1 reveal that repression occurs in both strains.
This observation also indicates that the mutant strain AU-1
is not a catabolite derepression mutant, Release of the
repression effect is observed only when the stationary
phases of both strains T-14 and AU-1 are well in advance, and
at which time the induction effect of D(+) raffinose takes
over. Catabolite repression by glucose on cellulase synthesis
has been reported in various microorganisms and thax later
Nisizawa et. al. (1971 and 1972) found that catabolite
repression on the biosynthesis of the inducible cellulase
occured a t the translational level based on their studies
vith actinomycin D and puromycin. They also concluded that
amino acid assimilation wa3 closely related to the absence
or presence of the inducer®
Prom results obtained it is therefore concluded that
Cx production of strain T-14 and strain AU-1 is regulated by
both induction and catabolite repression mechanisms (Mandels
and Reese, 1960)® Basal synthesis was doubtful in both
strains TtH and AU«1 since no Cx activity was detected in
the initial stage of cultivation®
In the case of co«-appearance of two or more inducers,
it has been reported that the more easily utilizedi
carbohydrate is metabolized first( Gong and Isao, 1979)•
In the present study, D(+) raffinose is more readily
metabolizable than d-methyl-B-mannoside present in the
control culture. Glucose is probably more readily metabolizable
than D(+) raffinose thus supporting higher growth rate of
the cultures.
Mandels et al. (1962) studied the structural
requirements of the inducer for cellulase They found
that the most active inducer sophorose possesses 9-1,2-
glucosidic linkage. However, lactose with -1,3 glucosidic
linkage exhibits a less effective induction action for
cellulase. Mandels and Reese (1962) pointed out that
glucose trimers (eg. 6— j?-glucosyl cellobiose) or glucose
trisaccharides with o6-1-2 or eL-1-4 linkages are also actrve
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inducers of cellulases. For species of Trichoderma,
Cx inducers containing at least one substituted glucose at
the number 2 or number 4 carbon position by a -glucosyl
group are frequently reported (Mandels et al., 1962)
The properties of the 1.own cellulase inducers vary from
one inducer to anotiero The exact mechanism of cellulase
induction by these inducers is still not well kn.owdn.
Although Gong and Tsao (1979) were able to construct a
model for cellulase biosynthesis, which allows for several
possible variations in growth conditions and diverse
responses of the cellulolytic organisms. However, their
model is still inapplicable to explain the induction
phenornen n by D(+) raffinose
The present study is concerned with the production
of the cellulase (mainly the endo--154-Mglucanase, Cx) of
Bacillus suhtilis T-14 and B. suhtilis AU-»1, and the
characterization of the purified endo™|3-19A-glucanase (Cx)
from B„ suhtilis AU-1» Attempts in comparing the endo«-?-m»M mat'KsarmwBsarzxiiiraiantacjvm I
1,4«glucanases (Cx) from these two bacterial strains, or
as much as possible, between these two strainsand those
from other microorganisms have been made.
One of the attempts is to formulate culture media for
maximising Cx( end o |3 -1', 4~ glue ana s e) production by strain4
5-14 and strain AU-1, .which are listed in the following page.
Culture medium for B. subtilis t-14 and Au-1
Carbon Source:
noneantral:1m








































Distilled water 1000 ml
The pH of these media should he adjusted to 6.0. The
bacterial cultures should be incubated at 50°C with
shaking (180 rpm)• After harvesting the enzyme at about
20 to 24 hours of cultivation, assay for the enzyme
should be performed at 65°C lor 15 minutes.
The use of surfactant on increasing yield of secretory
enzymes has been reported (Reese and Maguire, 1971).
It becomes apparent that surfactants, such as tween 80,
play a role in the production andor the secretory
mechanism of microbial enzymes However no attempt has
been made in the present study to co-relate the effect
of surfactant on Cx production
s B Purification and characterization of Cx
Purification of the cellulase from strain AU-1
Methods used for the purification of various cellulases4
include the ion exchange resins, hydroxyapatite column
(Iwasaki et al., 1964;Eriksson, 1969), DEAE sephadex
(Gum and Brown, 1977), ion-exchange columns, gel filtration
(Eriksson, 1969), electrophoresis and isoelectric focusing,
and a combination of seme of the above mentioned•
techniques (Eriksson, 1969; Yoshikawa et al,, 1974, Wood,
1975; Groleau and Forsberg, 1983); by.avicel and cellulose
derivatives (affinity-sorption or biospecific-sorption)
column (Halliwell and Griffin, 1978; Shoemaker and Brown,1978;
Weber et al., 1980; Nummi et_ al., 1981; Reese, 1982; Ljungdehlmmmmm
I
et al., 1983), Con-A affinity chromatography (Gong et al., 1979;
Wood et al., 1980)high performance liquid chromatography
(Bissett, 1979), aud immunological techniques (Pagerstam and
Pettersson, 1979; Nummi et al., 1980), These purificationcsDnamv
methods usually involve only very small amounts of enzyme,
and the recovery of exo~j6~1,4--glucanase is low due to
specific adsorption of proteins by the gel (Gong and
Tsao, 1979). The successful use of EEAE sepharose with.
subsequent purification steps on EEAE cellulose in
purifying Trichoderma reesei and Thermoactinomyces vas
reported by Gong and Tsao (1979). However, EEAE
sephadex column has been found to resolve a mixture of
cellobiose and CM-cellulase which reguired further
resolution by SE-sephadex•at pH 5.1 (Pettersson, 1968).
Relatively high enzyme activity can be recovered from
these techniques (Pettersson, 1968).
In the present study, high percentage of protein.
recovery is obtained with the avicel column chromatography.
This is probably due to the fact that the purified Cx is
an endoy3-1,4-glucanase which has less affinity with the
avicel.
Eriksson and Pettersson (1968 used a P-150 column
for purifying the cellulase complex from Trichoderma
species, and found that relatively low yield (31%) of
the purified components was obtained when using ammonium
acetate buffer (pH 5.0) as eluent. Gong and Tsao (1979)
concluded that molecular seiving was probably the host
method in purifying enzymes© Since one step purification
of cellulase components is difficult to echeive, steps
involving molecular seiving chromatography (separating
protein molecules according to their molecular size),,
biospceific sorption chromatography (taking the advantage
of different affinity of various cellulase components with
the microcrystalline cellulose substrates such as avicel),
ion-exchange chromatography (separation .of proteins
according to the net charge differences between proteins
at a specific pH value) or isoelectric focusing
(separation of proteins according to the differences of
0
of the isolectric points of the protein molecules)
are therefore required for the purification of
celluloses. In the present study, crude enzyme is
concentrated first by lyophilization and later dialysed
against distilled water overnight at 4°C. Then the
desalted crude enzyme is lyophilizea again and stored
at J-°C until use.
Ammonium sulfate, (NHSO, is commonly used to
salt in or salt out the proteins as the first step
in concentrating and purification of proteins.
However, it is found in preliminary experiments that
after fractionation with 30-95% (NHSO, only 30% of
the Cx activity is recovered. Subsequent investigation
indicates that 200mM of NH (lOOmM (NHSO.) inhibits
Cx activity to a great extent (Table 16). Therefore
Ilyophilization which, allow a total recovery of C
activity is used instead in the present study.
Dialysed crude enzymes of both strain T-14 and
strain Au-1 ace subjected to avicel column
chromatography separately (biospecif ic-sorption).
Eor both strains, the elutions show similar patterns: o:
protein and cellulase activity.
In strain A'u-1, a single peak of protein is eluted
at fraction 34 vhile a single peak of Cx activity is
observed at fraction 32 which constituted 885% of.
the total applied Cx activity. Elution of Trichoderma
reesei cellulase by avicel column has been reported to
recover 100% or near 100% of the applied Cx activity
with 0.05M acetate buffer (pH4.8.) at 25°C (Reese, 1982).
Two peaks containing avicelase activity (fraction 13
and 32) and two peaks (fraction 23 and 36) containing
-glucosrdase activity are detected in strain Au-1.
It is well documented that most Cx (endo
glucanases) are found to have molecular veights ranging
from 12,000 to 20,000'( Bisaria and Ghose, 1981).
On the other hand, endo-1,4-glueanases with molecular
weight of 5,300 and 140,000 have also been reported
(Selby and Maitland, 1965) Sephadex G 75 of molecular seiving
rane between 80,000 and 5,000 can therefore be used to serve
the purpose of purifying the Cx (endo-S-1,4-glucanese) produced
by strain Au-1.
The purity of the Gx from peak C is further checked
by Disc-electrophoresis with polyacrylamide gel. A
single band of protein was observed, indicating that
the Cx obtained after the sephadex G75 column
chromatographic step is highly pure.
Results obtained from polyacrylamide gel electropho¬
resis also show that the crude enzymes from strain T-14
and Au-1 contain about 20 protein bands including- protein
bands at position corresponding to that of the purified
Cx.
The molecular weight of the purified Cx as determined
by Sephadex G-75 column is'found to be 23,000. Attempts
have been made to determine the molecular weight of the
purified Ox by the SDS-DISC polyacrylamide gel electro¬
phoresis method. All attempts are unsuccessful since
the protein samples are found to precipitate immediately
after mixing with the sample buffer before loading onto»
the gel.
Since four peaks of Cx activity are detected, it is
conceivable that the Cx of strain Au-1 is consisted of
4 component molecules with different molecular weights.
The presence of bimodal pH optima of Cx activity in
the crude enzyme, and the Cx has a broad optimal pH range
for maximum and sub-maximum activity can be explained by
the existence of multiple Cx components.
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Substrate specificity
Various carbohydrates have been used to study the
substrate specificity of the purified Cx. These
substrates included the --1,4- linked glucans (soluble
cellulose- CMC; insoluble cellulose- Sigmacei.120 (a
microcrystallinecellulose), .-cellulose, Whatman No. 1
filter paper, solka floe and cellulose azure), the
-1,3 and j3-1f6 linked glucan (laminarin), the |$-1,4
linked glucose dimer (D(+) cellobiose), glucoside (p-
nitro-phenyl-3-D-glucoside) and the trisaccharide-
raffinose (0-rpC-galactopyranosyl-( 1-6)-0-$6-glucopyranosyl-
0+2 H3 -D-fruetofuranoside) which containing o£-1,6 and
-1.2 linkages.
Due to the fact that the DNS method is not sensitive
in defecting reducing sugar at concentrations below 50
jigml, the reducing sugar releasing ability of the
purified Cx is found to be effective only with the
%
substrate CMC. Thus high specificity on soluble cellulosic
substrate supports the conclusion that the enzyme is an
endo-j$-1,4-glucanase of high purity. Results obtained
from the analysis of the enzyme digests involving
insoluble cellulotics, CMC, laminarin and raffinose by
thin-layer chromatography provide further evidence on the
specific action of the purified Cx on only the -1,4
- v.
glucosidic linkage.
6-glueanase produced by Bacillus subtilis has beenI t• v aaMOttwstaks i im msmemnasmaaiav iwm. saom mama kommct
reported to ha,ve rather specific substrate requirement.
The enzyme only acts on |5-1,4 glucosidic linkage of
glucans with alternating |S-1,3 and j-1,4 linkage (Moscatelli
et al.t 1961)« These authors also reported that the
enzyme exhibited no activity toward hydrolysis of
methylcellulose, soluble starch, laminarin and cellobioseo
Similar result has also been reported by Tiunova at al.
(1980). Cantwell and McConnel (1983) further proved
that the |3-glucanase produced by Bacillus subtilis
hydrolysed only the jj-1,3 -1,4 glucans but not the-
j3-1,4 glucans or the -1,3 glucans. In contrary,
Sippola and Mantsala (1981) concluded that carboxymethyl-
cellulase was produced by Bacillus subtilis YY88 and
PM99 when grown in CMC-minimal salt medium. Knosel
(1971) has also reported on production of carboxymethyl-
cellulase by other strains of Bacillus subtilis
(Knosel, 1971). It has also been concluded
that production of cellulase was not so common as the
production of -amylase in B. subtilis, and no Cx
production was detected in B. subtilis var. niger• mmo —————a i—wmm—— w ——(rtiiiai nii»
(Zemek et al., 1981).
Effects of temperature and pE on the purified CxUMCPIIJU-J—IL—1—— 1BW g-—.rfB—i—T-.|,. 1 r.- i
The major physical factors affecting the activity
and stability of enzymes are pH and temperature (Pullbrook,...-
1983). It has been well established that both pH and
temperature affects chemical reactions (ionization,
dissociation, solubility, changed reaction rates and
position of equilibrium etc.) which include effects on
Km, Vmax and stability® For applied enzymology, the
mechanisms of pH and temperature in effect are less
concerned, while the combined observed effects expressed
in a quantitative and practically meaningful ways usually
receive much greater attentions (Fullhrook, 1933)® The
practically meaningful ways include the graphical
information on maximum reaction rate andor residual
enzyme activity as a function of variable, which enables
the accurate interpretation of the optima values.
Fullbrook (1983) concluded that the effects of
temperature on the rate of enzyme reaction and the yield
of the overall products can he attributed to changes
such as the nature of protein, chemical liability,
solubility, pi, Km of the enzyme, thermo-inhibition,
changes in thermodynamic functions and altered pK values,
etc.. Among these, change of the temperature stability
of the enzyme is probably the major effect. The degree
of thermo-inactivation of enzymes depends on the nature
of the .enzyme, the presence or absences of enzyme
stabilizers (such as substrates) and the pH of-the
reaction taken place. Enzyme activity is often measured
in the presence of the substrate while stability of
enzyme is usually determined in the absence of the
substrate. Therefore, the half life (T-jO of the enzyme
at a particular temperature has been suggested to be the
more realistic and valuable measurement of enzyme
stability (Fullbrook, 1983). The individual effect of
temperature on enzyme activity is difficult to be singled
out due to a member of factors (environmental factors,
enzyme-substrate intermediates stability, presence and
absence of inhibitors and stabilizers) interacting with
one another at the same moment during assay of the enzyme
(Fullbrook, 1983)•
The optimum temperatures for Cx from both the crude
enzymes of strain T-14 and strain AU-1 and the purified
Cx from strain AU-1 are all at 65°C, which is much higher
than the optimal growth temperature (35°C) of both strain
T-14 and strain AU-1. Total loss of Cx activity from
crude enzymes of strains 14 4 and AU-1 x is observed at
80°C. However, the purified Cx from strain AU-1 exhibits
relatively higher stability. Approximately 75% loss of
Cx activity occurs when the enzyme is incubated at 80°C
for 30 min. On the other hand, purified Cx is quite
stable at 25°C.
The Cx from the three enzyme sources (crude enzymes
from strains T44 and AU-1 and-purified Cx .from strain
AU-1) are found to exhibit the same temperature optima
for enzyme stability at 55°C. It is obvious that a
difference of 10°C exists between the temperature
optima for Cx activity and stability.
It is desirable to study the temperature stability
half life (Ti) of the Cx from the three enzyme sources
in the same buffer and pH at the temperature optimum of
Cx activity (65°C). A much clearer picture of the
stability of the Cx from the three enzyme sources is
observed when the half lives of various Cx are compared,
The half life values of Cx from crude enzyme of strain
T4 4 9 strain AU-1 and purified Cx from strain AU-1 are
formed to be 20«, 5 minutes, 48 minutes and 92.5 minutes
respectively under the assay conditionse Therefore the
purified Cx from strain AU-1 is much more stable than
those in the crude enzymes.
Heat stable enzymes (thermostable enzymes) are of
great importance in industrial.enzyme reaction processes
operated at 50°C or higher. Bacillus licheniformis
produces thermostable -amylase which is employed in
industrial processes operated at 90 to 110°C; other
Bacillus species are capable of producing a variety of
thermostable enzymes (Fullbrook,1983), such as pectin
transeliminase and Cx-cellulase produced by B.
licheniformis, B. firmus, B. brerts and B. subtilis
(Knbsel, 1971). Moscatelli et al. (1961) reported that
|2)-glucanase from Bacillus subtilis was a thermo-stable
enzyme which has a T of 50 minutes at 60°C when assayed
in 0.05 M phosphate buffer (pH 6.6).
Therefore, it can be concluded that the purified Cx
of strain AU-1 is a thermostable enzyme which possessing
high thermostability comparable to that of 5-glucanase
of B. subtilis reported by Knosel (1971). Moreover,
the optimum temperature (65°C) for maximal activity of
the purified Cx from strain AU—1 is comparable to those
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of the well known theromophile The .-mornonspora curva c,a.
(65°C) and is higher than those of most fungal B-glucafases
(Nandels, 1980), but lower than those of a few cellulases
such as the B-1, 6-glucanases of Sporotrichum uinosuin
(Reese and Mandels, 1963) and Thermoascus aurantiacus
(Tong et al., 1980), which have a temperature optimum of
60 to 70°C..
It has been documented that the activity and stability
of the cellulase components are affected by pH changes
(Lee and Blackburn, 1975 Hurst et al., 1976 Ishaque
and Klupfel, 1979 Wood et l., 1980 Groleau and Forsberg,
1983)*
The pH-dependent activity optimum of enzymes may
be due to either a true reversible pH effect on Vmax or
on the affinity of the substrate for the active site of
enzyme, or both (Fullbrook, 1983).
Over 95% of Cx activity is obtained at pH 3.5 to
5.0 from the crude enzyme of strain T44, at pH 5.0 and
pH 7.5 for the crude enzyme from strain AU-1, and at
PH 5.5 for purified Cx from strain AU-1. Over 80% of
Cx activity is detected at pH 3.5 to 6.5, pH 5.0 to 8.0
and pH 5.0 to1O.0 respectively for the crude enzymes
of strain T14 and strain AU-1. and the purified Cx of
strain AU-1. The pH optima for fungal cellulases are
commonly found between pH 4.0 to 6.0 (Mandels and Reese,
1965), while the bacterial endoglucanases exhibit pH
optimum at pH 5.0 (Saddler and Khan, 1980) and 6.5
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(Ishaque and Kluepfel, 1979). The Cx of the crude
enzyme from strain T44 is found to be more active in
acidic pH (pH 3.5 to 5.0) while. the Cx in the crude and
purified enzymes of strain AU-1 exhibits DH optima from
pH 5.0 to 7.5 which are consistent with those reported
for other bacteria (Mandels and Reese, 1965; Stutzenberger,
1971; Ishaque and Kluepfel, 1979; Saddler and Than, 1980).
It is necessary in all enzymic studies to control the pH
by the addition of suitable buffers, although the type of
buffer used may influence the optimal pH values (White
et al., 1978). Groleau and Forsberg (1953) reported
that purified Cx of Bacteroides succino a appeared to
be inhibited by Tris-HC1 buffer when compared to that
in sodium phosphate buffer. The buffer may also exert
certain effect on the activity and stability of Cx in
crude enzymes of strains T-14 and AU-1. and the purified
Cx from strain AU-1. The glycine/NaOH buffer at pH 8.0
is found to inhibit Cx activity and stability crude
enzyme of strain T-14 by 6.7, when compared with the Cx
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activity detected at the same pH in citric acid/phosphate
buffer. On the other hand, Cx activity is found to be
enhanced (11% in activity and 16.2% in stability) in
glycine/NaOH buffer at pH 8.0 as in the case of the crude
enzyme from strain AU-1. Activity of purified Cx from
strain AU-1 is found to be increased by 30% when using
glycine NaOH/buffer instead of citric phosphate buffer.
On the other hand, insignificant difference is found on
the stability of Cx at pH 8.0 regardless of the type of
buffer used.
The pH range of enzyme stability may change according
to the change of the pH in the environment. Once
irreversible denaturation of protein occurs, permanent
loss of enzyme activity is probable. It is important to
bear in mind that substrate concentration and assay
temperataure also affect the pH optima of enzyme stability
(Fullbrook, 1983). These relationships between enzyme
activity, stability and pH effects have been demonstrated
with the cellulase3 of Aspergillus niger (Hurst, et al.,
1976), Myrothecium verrucaria (Halliwell, 1960),
Thermonascus aurantiaces (Tong et ale, 1980), and
Thermononospora curvata (Stutzenherger, 1971), and vith
the -glucanase of Bacillus subtilis (Moscatelli -et ah,
1961).
Kinetic studies on the purified Cx from strain AU-1
The kinetic parameter Km and Ymax of the purified
Cx are determined. Normally Km is determined for enzymic
reactions acting on simple, well defined soluble substrates
in which the product form is known (Tong et al., 1980).
In the case of highly ordered forms of cellulose such
as filter paper, not only is the substrate insoluble and
poorly defined, but the products of the enzyme reaction
are heterogenous. Moreover, due to presence of micro-
crystalline regions within the cellulose microfibrils,
therefore the rate of hydrolysis of different parts of
the substrate may vary. Similar situation may present on
the study of Km and Ymax on CMC hydrolysis by the
purified Cx, since substituted glucose (carboxymethylated)
may exert certain influences on the rate of hydrolysis
or the mechanisms of hydrolysis. Hurst at al. (1977)
analysed the pH effects on Km and Ymax of a cellulase
isolated from Aspergillus niger on CMC. They reported
four pK values for groups involved in the enzyme-substrate
complex which indicated the importance of carboxyl groups
in catalysis. It has been noted that adsorption of enzyme
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to the substrate (soluble or insoluble cellulose) may-
render the enzyme inactive when the ratio of enzyme to
substrate is relatively low (Reese and Mandels, 1963).
Km values of 0.5 and 1.6 mg/ml on CMC hydrolysis by
cellulase have been reported for ecium verucaria
(Halliwell, 1961) and Trichoderma reesei (Reese and
Mandels, 1963) respectively. Tong et al. (1980) reported
that a Km value of 1.9 mg/ml for cellulase III from
Thernoascus aurontiacus acting on CMC (DS,=0.75 and
DP=3200) and a catalytic centre activity of 6.27 mg D-Glu/
hr/ mg protein. Eriksson and Hollmark (1969) showed
that the Km for CMC increased with increase in the degree
of substitution which was best examplified with the high
Km value (190 mg/ml) of the cellulase isolated from
Thermononospora curvata by Stutzenberger (1971). It has
been reported that the cellulase from a mutant Aternaria
alternata has a Km value of 16.64 mg/ml for the low
viscosity CMC (Sigma) and a Vmax value of 170.81 mg D-Glu/
hr/mg protein. The Km value for a Cytophaga species
cellulase on CMC hydrolysis was 1.0 mg/ml and a Vmax
value of 4.56 mg D-Glu/hr/mg protein. (Chang and Thayer,
1977)o
The Km of the purified Cx of strain AU-1 is 3.94 mg/ml
(CMC with DS=0.6 to 0.85 and DP=3200) whereas the Vmax
of Cx is 12.21 mg D-Glu/hr/mg protein. Enzymes with
high Km values are preferred in industrial processes,
such as glucose isomerase with Km of 0.1 M for glucose
(Bucke, 1983). The Km of the purified Cx from strain
AU-1 for CMC hydrolysis is higher than that of cellulases
of Therraoascus aurantiacus (Tons et al.. 1980'). TrichodennaiiiMiamBMM d»«« mxtrtn ggap;«fe!arrri'i .u.r»Mt :varxic nrp.
reesei (Reese and. Mandels, 1962.) and Cytouhaga (Chang
and Thayer, 1977). This indicates that the purified Cx
of strain AU-1 might be a potential enzyme in industrial
processes.
Inhibition studies
It has been reported that Mn++ stimulated the
cellulase activity of Trichoderma koningii (Toyama, 1956)
but the data were not considered to be convincing by
Mandels and Reese (1957)f who concluded that cellulase
4
did not require any metal ions for activity, in addition,
no prostnetic group or co-enzyme for cellulase has been
demonstrated. However, recent work of Qlutiola (1982)
reported that Humicola lanuginosa cellulase was stimulated
by Ca++ and Mg44, and inhibited by metal chelating agents
(EDTA and NaCN). MacKenzie and Bilous (1982) also
demonstrated that enzyme for solubilizing cellulose was
stimulated by Ca++, Mg44 and Mn44, while no effect was
observed the Cx activity of Acetivibrio cellulolyticus.
Metallic ions (Zn44, Cu44 and Hg+4~, etc.) are found to
inhibit the cellulose solubilizing enzyme activity but
only Hg+4~ (1 pM) significantly inhibited Cx activity of
A. cellulolyticus (MacKenzie and Bilous, 1982). Zn44
and Cu44 have been found to inhibit the -glucosidase
activity of Ruminococcus ablus (Ohmiya et al., 1983).
The present study on the effects of various cations
on the purified Cx from strain AU--1 indicate that NH,+,
Ni+1 Ag+, Hgt+, Pe++, £n1' s Ba++and Zn++ at the tested
concentration inhibited the purified Cx activity.
significantly (87% to 25% inhibition). The inhibitory
effect of NH+ on cellulase has been reported by Lee and
Blackburn (1975) who proposed that small amount of NH4
probably inhibited the DNS reaction for reducing sugar
detection thus leading to confusion in the effect observed®
Similar results are obtained in the present study that
87% of the Cx activity seemed to be inhibited by
The proposal of NH4 inhibiting the DNS reagent reaction
(Lee and Blackburn, 1975) is confirmed in the present
study that when equal amounts of NH+ are added to the
blank solutions containing D-glucose of known concentration
inhibits colour development. However, the use of (NHSQ
in precipitating the cellulase of strain AU-1 should be
avoided unless thorough dialysis steps are taken to remove
all traces of NI+ present. Hg++ and Sn++, are well
documented enzyme inhibitors on thiol group binding
%%
(Trudinger, 1969). Thus it is not surprising to find
inhibitory effect of these two ions on the purified Cx
activity when thiol groups are present on the active site
or regulatory site. Ni44 and Ba44 are found to inhibit
Cx production when present at 40 and 400 uM respectively.
Since growth of strain AU-1 was also inhibited by
40 and 400 pM of Ni++ and Ba++ respectively, tbe effect
of Ni++ and Ba++ on Cx production by strain AU-1 would
probably be the additive effects on both enzyme activity
and cell growth. The presence of Fe44 and Zn41 does not
affect the growth of strain AU-1, it is conceivable that
the slight decrease in Cx production can be attributed t
the sole inhibitory effect of these ions on Cx activity.
It is quite unexpected that a number of metal ions
are found to exert stimulating effect on the purified Cx
activity espceially for Cu44 and Pb44 which are considered
toxic at such high concentration (1 pM)• Concentrations
of Cu44 higher than 0.4 iM are found to inhibit both
growth and Cx production of strain AU-1. However, results
observed on the stimulatory effect of Cu44 on Cx activity
are indicative that Cu44 at concentrations higher than
0.4 jjM only inhibit growth of strain AU-1 since a 3.4
fold increase in the purified Cx activity is observed in
c
the presence of 1 jiM Cu44. Similar situations are also
observed for Co44, Mn44, Mg44...and Ca44. Growth of strain
i i
AU-1 is unaffected by the change of Fe concentration
from 0 to 1.85 pM, however a slightly higher Cx activity
is observed which indicats a stimulatory effect is
exerted by Fe444. Na4 and K4 stimulate the purified Cx
activity by 37% and 40% respectively. It is also found
that Cx production and growth of strain AU-1 are both
stimulated when increasing the concentration of Na4.
Therefore it is conceivable that Na4 exert a dual stimulatory
effect both on growth hence Cx production and Cx activity.
The fact that Ca11, Mg++, Pe+++, Mn'M Co++, Pb44-,
Cu51, K+ and Ha stimulate the activity of the purified
Cx and that 17% inhibition of the enzyme activity is
observed when 50 jiM ethylenediamine teriacetic acid
(EDTA) is added to the assay system indicate that the
purified Cx from strain AU-1 is a metallic protein or
require metal ion for activation andor for stabilization.
Such an observation has only been reported by Olutiola
(1982) on the Cx (endo--1,4-glucanase) of Humicola
lanuginosa.
Effects of various chemical agents on the activity of
purified Cx
Some reducing agents have been reported to stimulate
the cellulase activity of Acetivibrio cellulolvticus
(Mackenzie and Bilous, 1982) and Humicola langiginosa
(Olutiola, 1982). Results obtained from the present
study provide contradicting results that L-cysteine
(5 mM) and 2-mercaptoethanol (10 mM) are found to
inhibited the purified Cx activity by 22% to 27%
respectively, but that dithiothicetol (5 mM) stimulates
enzyme activity by 28.8%. It is also found that all
thiols-binding agents tested (mercuric chloride, mercuric
acetate, and sodium arsenite) at a concentration of 100
M inhibit the purified Cx activity significantly.
From the results of reducing agent and the thiol binding
agent on the purified Cx activity, it is concluded that
sulphydryl groups are involved in the active site of Cx
from AU-1« Similar observeration was first reported by
01utiol.a (1982) and by Mackenzie and Bilotis (1982) for the
endo-|i-glucanase (Cx) produced by Humicola lanuginosa and
Acetivibrio cellolyticus respectively. MacKenzie and
Bilous (1982) suggested that a fundamentally different
molecular basis of cellulolysis may exist. Sodium
sulfite is a reagent for cleaving disulfide bonds of
protein molecules. Inhibition of Cx activity obtained
indicats that the molecular configuration of Cx may be
partially damaged or altered by the cleaving of the
disulfide linkages present.
The amines, Tris, glycine and L-histidine are observed
to stimulate the activity'of the purified Cx by 32%, 70%
and 32% respectively. The stimulatory effect of glycine
has been observed in previous experiments on pH effect on
purified Cx activity and stability. The stimulatory
effect may be related to the unionized form of the amines
(free base). It has been reported that barley malt
©-glucosidase activity was inhibited by Tris and polylols,
and it has been suggested that Tris inhibition may result
from complexing with the enzyme by the Tris molecules,
which causes a steric hinderance for the substrate or
complexing with Tris changes the conformation or the
charge distribution of the enzyme (Jrgensen and Jjarrgensen,
1967). It is obvious that this suggestion cannot be
applied to the present case with the purified Cx of strain
AU-1 since stimulated levels of enzyme activity are
obtained when Tris is present. It is conceivable that
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the suggestion the complexing formed bet. e en Trig and
Cx might change the conformation of or the charge
distribution.of the enzyme resulting in the enhanced
action of the purified Cx. It is also suggested that the
amines present in the assay system probably create 'a
suitable environment fcr maintaining the molecular
configuration of the active form of Cx thus enhancing
CMC hydrolysis. Polylols possess molecular configurations
similar to that of glucose but with fewer hydroxyl groups
have been found to be strong competitive inhibitors for
- and -glucosidase (Keleman and Whelan, 1966)o However,
Guffanti and Corpe (1976) reported that polylois such--as
glycerol, mannitol, or erythritol did not show significant
inhibitory effect even at high concentrations on -
glucosidase activity in fact, glycerol and erythritol
enhanced -glucosidase activity. Since glucose is found
to inhibit the activity of the purified Cx from strain
AU-1, it is expected that polylols would also ecert
inhibitory effects on the activity of the purified Cx.
However, results indicate that stimulation of purified
Cx activity is observed instead.
Histamine has been shown to form complexes of the
charge transfer type with tryptophyl residues in protein
(Shinitzky et al., 1966). In the present experiment,
instead of inhibiting the activity of the purified Cx,
histamine is found to stimulate the Cx activity. It is
therefore concluded that no tryptopyl group is
involved, in the enzymatic mechanism. This result is
different from that obtained by Pettersson (1968) on
f
cellulase from Penicillium notatum. Histamine is als
an amine and therefore is expected to have similar
effect on Cx activity as the other amines tested.
Ethylene-Diamine—Tetrace tic Acid (EDTA) is a
powerful metal ion chelator whose present will inhibit
the activity of metallic-enzymes. Previous experiment
demonstrates that a number of metal ions stimulate the
0
activity of purified Cx from strain AU-1. Result of
this test indicates that EDTA exert an inhibitory action
on the activity of the purified Cx. Therefore, it is
obvious that the Cx of strain AU-1 is a metalloprotein
enzyme or the Cx requires the presence of certain metal
ions for activation andor stabilization purposes.
Sodium azide can inhibit enzymes with•
iron as prorphetic group(s). Since no inhibitory effect
is observed on the Cx activity in the presence of sodium
azide, it is conceivable that the purified Cx does not
require iron as the prorphetic group.
The nature of the purified Cx can be characterized
by the results of different reagents on the activity of
purified Cx, which may be summarized as follow:
1. The active configuration of Cx is maintained by
disulfide linkage(s),
2. Free sulfurhydryl group(s) are involved in the
enzyme action mechanism,
3. No tryptophyl group is involved in the enzymic
action,
4. Amines and. polylols can activate the action
mechanism of Cx,
5. Cx is a metalloprotein or it requires certain
metal ions for activation andor for stabilization,
6. Iron is not a prosnhetic group of Cx protein
Effects of sugars on the activity of purified Cx
The inhibitory effect of various enzyme end products
on the enzyme activity depends on the substrate to
product ratio. In the presence of a substrate at high
concentration increasing the end products concentration
results in a reduced product release for a given reaction
time. This can be examplified by the cellulases of
Trichoderma reesei (Buchholz et al. f 1981) It is obvious
that end product inhibition is strong when the end
product exists at high concentrations, even at high
substrate concentrations. The same phenomenon has been
reported for the cellulase'obtained from bacterial source
(Lee and Blackburn, 1975).
The present result indicates that L(+) glucose is
the most effective end-product exerting inhibitory action
on the purified Cx from strain AU-1 (95% inhibition at
0.1 mg glucoseml). The others, in decreasing inhibitory
effect, including D(+) cellobiose, L-galacturonic acid,
L-(-) raffinose and D-glucuronic acid are also found to
Inhibit Cx activity. ©-methyl-D-glucoside, on the other
hand, stimulates Cx activity. It should be noted that
the concentration of D(+) cellobiose used in the test is
only half of that of D(+) glucose, hence the degree of
inhibition exerted by D(+) cellulose might be comparable
to that of glucose if equal concentrations of both sugars
were used.
Cellobiose and glucose are the two end products of
cellulose hydrolysis by endo-j}-1,4-glucanase (Mandels,
1982). Galactuoronic acid and glucuronic acid seem to
exert a relatively milder inhibitory effect on the Cx
activity. This may be due to the intracellular occurance
of these two sugar metabolites. Possibly, the steric
effect of the acid group may be a factor that accounts
for the milder inhibitory function on the activity of the
purified Cx.
Raffinose, is unexpectedly found to show inhibitory
effect on the purified Cx from strain AU-1, which is
originally induced by raffinose. However, results
obtained from thin layer chromatography indicate that
commercial D(+) raffinose is not pure and contains traces
of galactose or glucose which, in turn, might lead to
the inhibition on Cx.
o£-methyl-cellolose has been reported to be an
inhibitor of endo-5-1,4 glucanase activity of many
organisms (Mandels, 1982; G-roleau and Porsberg, 1983),
however, the present finding indicates that ©c-methyl-D-
glucose (one of the probable final products of enzvmic
digestion of U-methyl-cellulose) stimulates the activity
282
of purified Cx on CNC hydrolysis
Since all other bacterial cellulases has been
found to be free from end product inhibition by glucose
and cellobiose (MacKenzie and Bilous, 1982). It is
conceivable that the purified Cx of strain AU-1 possesses
a distinct regulatory mechanism for CMC hydrolysis that
is different from that of other bacterial endo- -1,4-
glucanases.
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VI ABBREVIATIONS
avicelase of the cellulase complexCl









Thermophiles Defined Liquid MediumTDLM
N,N,N',N' -TetramethylethylenediamineTEMEI
Thin Layer ChromatographyTLC
volume to volume ratioV/v
weight to weight ratioW/W
Degree of Substitution by carboxymethyl group.D.S.


